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EFFECT OF ANDROGEN AND ESTROGEN ON 
SUCCINIC DEHYDROGENASE AND CYTO- 
CHROME OXIDASE OF RAT PROSTATE 
AND SEMINAL VESICLE^ 

JAMES S. DAVIS, ROLAND K. MEYER, and W. H. AIcSHAN 
From the Department of Zoology, University of Wisconsin 

MADISON, WISCONSIN 

Previous work in tliis laboratory indicates that in ovarian tissues 
correlations can be made between the functional state of the tissues 
and fluctuations in acti\at 3 '- of such enzymes as succinic dehj^droge- 
nase (SDH-ase) (Mej'^er, Soukup, MeShan, Biddulph, 1947), malic de- 
hj-^drogenase and cj'tochrome oxidase (MeShan, Erway, Mej'er, 194S), 
adenosine triphosphatase (Biddulph, Mej'er, AlcShan, 1946), and acid 
and alkaline phosphatase (Stafford, MeShan, Mej’er, 1947). The ex- 
periments to be reported here were undertaken to determine whether 
such a relationship exists in the prostate and seminal vesicle ivith re- 
spect to SDH-ase and cji;oclu'ome oxidase following castration and 
replacement therapj". 

MATERIALS AND METHODS 

The animals used were Sprague-DnAvlcj' male rats ranging from 200 to 
300 gm. body weight. Of a total of 55 animals, 7 were set aside as normal 
controls and did not receive anj’ trc.atraent. One animal was used for each 
experiment; 5 for SDH-ase controls and 2 for cytochrome oxidase. The re- 
mainder were castrated and divided into 3 groups. 

Group I consisted of 20 animals which did not receive any injections 
and were sacrificed at intervals of 1, 4, and 6 daj’s after castration. In the 
l-d.aj' categorj’, sufficient tissue was obtained from one animal for one ex- 
periment, but on the 4th and Gth daj's after castration atrophy of the pros- 
tate was great enough to require combining the glands from 2 animals. 
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Group II contained 14 animals which received 2 suljcutaneous injections 
per day, 12 hours apart. Each injection consisted of 300 fig. testosterone pro- 
pionate dissolved in 0.2 cc. of corn oil. The first injection Avas given at the 
time of castration and the animals were sacrificed at intervals of 1, 4, and 6 
days after castration. 

Group III consisted of 14 animals which received the same dosage of 
testosterone propionate as group II plus simultaneous injections of 100 fig. 
of estradiol dipropionate dissolved in 0.2 ce. of corn oil. As in group II, the 
first injections were given at the time of. castration and the animats were 
sacrificed at 1, 4, and 6 daA's after castration. 

-After killing the animals bj- cervical dislocation the ventral lobe of the 
prostate and both seminal vesicles were dissected out. The tissues Avere 
thoroughly chopped Avith a sharp scalpel blade, rinsed in ice-cold glass-dis- 
tilled water, blotted drA' on anah'tical grade filter paper and AA'eighed. This 
procedure Avas folloAved in order to remoA-e as much of the glandular secre- 
tions as possible. Pieces of tissue Aveighing .50 to 200 mg. Avere homogenized 
and diluted Avith glass-distilled AA’^ater to make either 5% or 1 % homogenates, 
the material being kept ice-cold throughout. 

The procedures described bA' Potter and Schneider (1942) and Schneider 
and Potter (1943) for SDH-ase and C 3 'tochrome oxidase AA'ere used in these 
experiments. The 5 % homogenates AA’ere used for SDH-ase determinations, 
but due to the high actiA'itj' of the tissues 1% homogenates had to be used 
for cj'tochrome oxidase. The results of each determination AA’ere calculated 
using the dry Aveight of the homogenate used for that determination. Results 
are given in terms of Qm, or mm^ of o.xj’gen consumed/mg. of dr^' tissue/hour. 
Duplicate flasks Avere used in making all determinations in . the Warburg 
apparatus. 

RESULTS -AN*D DISCUSSION 

Examination of Fig.s. 1 and 2 show’s that, folloAA’ing castration, the 
decline in SDH-ase actiAuty roughly parallels the loss in gland AA'eigh^. 
'the weight loss in the prostate is fairly uniform betvs’een 0 and 6 
days Avhile the enzjme actiAuty curA^e shoAvs no change on da}" 1 and 
a «harp drop between da 3 "s 1 and 4. In the seminal vesicle the Aveight 
lo." i.< fairly uniform betiA een days 0 and 6 and the decline in enz5"me 
activity is almost linear betw'een days 0 and 4. Thus the SDH-ase 
appear.^ to react to an absence of androgen more quickly in the seminal 
ve.sicle than in the prostate. 

-A comparison of these re.sults AA’ith the obserA^ations of Moore, 
Price, and Gallagher (1936) and Moore, Hughes, and Gallagher (1936) 
on the morphological changes in the prostate and seminal vesicle fol- 
loAA’ing castration, proAudes an interesting correlation. These authors 
found that AA'ithin 24 hours after castration the height of the secretory 
cells of the seminal A"esicle AA’as reduced to nearly one half of the nornial 
value and almo.st no secretory granules remained in the cjdoplasm. 
Similar changes occurred in the secretory cells of the prostate but not 
until the fourth day folloAA’ing castration. Simultaneous!}" AA’ith these 
cytological changes there AA’as a decrease in the size of the lumina of 
the pro.static tubules and definite changes in the appearance of the 




Fin. 1. Effect of tostostoroiie propionate and estr.idiol dipropionato on the 
wciglit and succinic dehydrogenase actiWly of the prostate. 


at lea.st in the case of the .seminal vesicle, follows clo.sely (he involution 
of the secretory epithelium. 

The ability of the .synthetic androgens to maintain the functional 
and morphological integrity of the male sex accessories in the ab- 
sence of the testes is well known. Our data show that testosterone 
propionate, in an approximately physiological dose, will likewise 
maintain the SDH-ase activity of the acce.«sories at a normal level. 
The dosage used did not ])revent a 23% loss in weight of the jirostate 
during the first day but did prevent such loss in the seminal vesicle. 
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■\^Tule the enzynie actmty showed a slight increase over normal in 
both tissues, the increase was somewhat greater and more constant 
in the seminal vesicle. The observations of Moore et al. discussed 
above and those of Korenchevsky, Dennison and Brovsin (1936) im 
dicate that on a morphological basis the seminal vesicle is more sensi- 
tive to the presence or absence of androgen than the prostate. The 
data presented here show that the same is true with respect to SDH- 
ase activity. 

The simultaneous administration of estrogen and androgen pro- 
duced striking effects on the gland Aveight. The prostate showed a 



0 14 6 

DAYS 


Fig. 2. Effect of testosterone propionate and estradiol dipropionate on the weight 
and succinic dehj'drogenase activity of the seminal vesicle. 
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slight depression on day 1, not as great, howeYer, as with androgen 
alone, followed by an almost linear increase to 41% above normal on 
day 6. The weight of the seminal vesicle underwent no change on day 1 
but increased linearly to 77% above normal on da}^ 6. ' 

There is excellent exddence that estrogens stimulate growth of 
the fibromuscular layer in the male accessories and to a slight extent 
that of the secretory epithelium, especially in the seminal vesicle 
(Moore, Hughes and Gallagher, 1936; Korenchevsky, Dennison and 
Brovsin, 1936; Korenchevsky and Dennison, 1935; Overholser and 
Nelson, 1935; Tislowitz, 1939). This appears to be a logical e.xplana- 
tion for the greater part of the weight increase wliich we found in this 
group of animals. However, consideration of the weight changes for 
tissues treated with androgen alone indicates that the androgen was 
responsible for some of this increase. 

The combined effect of estrogen and androgen on enz 3 'me activity 
was quite different from that exerted on gland weight. In the prostate, 
acti\’it 3 '^ was depressed 10% below normal until daj" 6 when it returned 
to the normal level. In the seminal vesicle there was 14% decrease 
in activity on day 1 followed by a linear rise to 21% above normal on 
day 6. 

Comparison of these results with those obtained using androgen 
alone reveals that, in the seminal vesicle, the activity is no greater on 
day 6 than that obtained with androgen alone. On daj' 1, liowever, 
there was a definite depression which was not obtained with androgen 
alone. In the prostate the acti%’ity remained below that obtained with 
androgen alone throughout the e.xperimental period. However, refer- 
ence to Table 1 will show that the ranges of values obtained for these 
two groups overlap in several places. Hence the significance of these 
differences is open to question and one hesitates to conclude that 
androgens and estrogens are antagonistic in their effect on male ac- 
cessories. The data on gland weights in these two groups are open to 
the same criticism except for the fi-daj' seminal vesicles; here the re- 
sults indicate a definite sjmergism between the two hormones. 

The cytochrome o.xidase data, though not extensive, .suggest that 
the activitj’’ of this enzj'me follows much the same general pattern as 
SDH-ase. This might be expected since cjicchrome oxidase is a part 
of the SDH-ase sj’stem and previous work in this laboratory' has 
shown this to be true in other endocrine tissues. 

SUMMARY 

The effects on the seminal vesicle and prostate of castration, cas- 
tration followed by androgen injections, and castration followed by- 
androgen and estrogen injections have been studied in the rat. Changes 
in activity of succinic dehydrogenase, cytochrome o.xidase, and gland 
weights were determined for each of these conditions aTul compared 



Tahle I. Succinic Dehydrogenase and Cytochrome Oxidase Activity of Rat Prostate and Seminal Vesicle 



gland weight 

= Values in this line were calculated as — — ; ; X10“^ 

body weight 










OBSERVATIONS ON THE EFFECTS OF PREPARTAL 
AND POSTPARTAL ESTROGEN AND 
PROGESTERONE TREATMENT ON 
LACTATION IN THE RAT 

SHEPPARD M. WALKER and JOHN I. MATTHEWS 
From the Department of Physiology, Washington University School of Medicine 

SAINT LOUIS, MISSOURI 

Numerous attempts to determine the relation of hormones to the 
initiation of lactation following parturition have been made. The 
onset of lactation has been attributed to removal of an inhibitory 
action of progesterone, estrogen or a combination of progesterone and 
estrogen. The establishment of lactation following the removal of 
corpora lutea in the rabbit (Hammond, 1917) and following the re- 
moval of luteinized ovaries in the rat (Selye, Collip and Thomson, 
1933) suggested an inhibitory action of the secretion of the corpora 
lutea but injection of extract of the corpora lutea (Anselmino and 
Hoffmann, 1936) and progesterone (Folley and Kon, 1937a) in lac- 
tating rats failed to inhibit established lactation. The report of Parkes 
and Bellerby (1927) demonstrated an inhibitory action of estrogens on 
established lactation in the rat with intact ovaries. Folley and Kon 
(1937b), Edelmann and Gaunt (1941) and Barsantini and Masson 
(1947) have shown that inhibition of established lactation by estro- 
gens is more effective in normal than in ovariectomized rats. Fauvet 
(1941) found that simultaneous injection of estrogen and progesterone 
produced marked inhibition of established lactation in ovariectomized 
rats while estrogen alone induced no inhibition. 

Two studies have been made on the effect of prepartal injection 
of estrone on lactation. Smith and Smith (1933) found that the initia- 
tion of lactation was prevented in the rabbit by estrone administra- 
tion begun onthe 20th day of pregnancy. Edelmann and Gaunt (1941) 
reported that estrone treatment started 4 days before delivery in the 
normal rat did not prevent initiation of lactation although it brought 
about the inhibition of established lactation a few days earlier than 
did similar treatment started on the day of delivery. We are not aware 
of any observations on the effect of prepartal administration of proges- 
terone or of a combination of progesterone and estrogen on the initia- 
tion of lactation. Therefore, the present study was planned to observe 
the effects of prepartal injection of estrogen alone, progesterone alone 

Received for publication August 9, 1948. 
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and various combination of these hormones on the initiation of lacta- 
tion in the rat and to compare these results with the effects obtained 
bj’’ similar hormone treatment after the establishment of lactation. 

METHODS 

Daib’’ subcutaneous injections Avere gir^en to the mothers and the growth 
rate of the suckling young was used as the index of the rate of lactation 
(cf. CoAvie and Follej^, 1947). TJniparous rats AA’ere used in all experiments and 
six rats per litter Avere provided at the beginning of the lactation period, 
Avhere the lactation period is defined as beginning at delivery. In the ovariec- 
tomized cases the operation Avas carried out on the day of parturition or the 
first day thereafter under ether anaesthesia. In those animals shoAA'ing pro- 
longed pregnancy as a result of prepartal hormone treatment the young 
Avere removed on the 22nd day of pregnancy through a mid-line incision by 
hysterectomy under ether or local procaine anaesthesia. Days of pregnancj^ 
Avere counted from the day that sperms AA’ere found in the \mginal smear. The 
duration of pregnancy AA'as normally 22 daj’^s in the strain of rats used in this 
study. 

RESULTS 

The growth rates of 85 litters containing 6 young rats per litter 
Avere observed in this study. The mothers of 63 of these litters were 
given hormone injections; the mothers of 22 litters were untreated 
controls. The average weights of the young are shown in Table 1. 
The living litters included in the table are those with all 6 members 
surviving, it being expected that the death of even 1 member would 
alter the supply of milk for the remaining members. 

Effects of estrogen. Daily injection of 1 mg. of diethylstilbestrol 
dipropionate begun on the second day of lactation brought about a 
marked decrease of lactation in 4 normal and in 4 ovariectomized rats 
while treatment with 2OO7 of this substance per day inhibited lacta- 
tion in 4 normal animals although it did not produce inhibition in 3 
out of 4 ovariectomized rats (Table 1, section 1). All mothers treated 
with diethylstilbestrol dipropionate and those given 200y of estrone 
lost Aveight during the lactation period. All other treated mothers and 
the untreated controls gained Aveight. 

The results in section 2 of Table 1 shoAA' that established lactation 
Avas not inhibited in 3 ovariectomized rats given 2OO7 or in 4 ovariec- 
tomized rats given IOO7 of estrone daily from the second to the 16th 
day of lactation, Avhile a variable extent of inhibition was obtained in 
normal animajs during daily injection of either IOO7, 257 or 5y of 
estrone. The onset of inhibition occurred 10 to 12 days after the be- 
ginning of estrone administration. 

Estrone treatment begun before parturition did not prevent the 
initiation of lactation though depression of established lactation did 
occur about the 10th to 12th day after parturition in all mothers shoAA- 
ing Avell formed corpora lutea (Table 1, section 3). In one animal in- 
jection of IOO7 of estrone daily Avas begun on the 20th day of preg- 
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nancj^ Although the young were delivered 1 day premature they were 
all viable and lactation was promptly established. The young were 
growing at a normal rate up to the 6th da.y of lactation when they 
were killed by the mother. In an effort to avoid premature delivery 
the daily dosage of estrone was reduced to 25y and injection was be- 
gun on the 19th day of pregnancy in 3 rats. The first of these fajled 
to give birth to the young and died in labor. Twelve hours after the 
second animal began to show bleeding and labor movements the young 
were removed by hysterectomy. Injection of estrone was continued 
and on the 6th day after the operation normal lactation was estab- 
lished and continued normally up through the 14th day but there- 
after lactation was markedly depressed. In the third animal the young 
were delivered by hysterectomy 24 hours after the first 257 injection 
of estrone; they were premature arid did not survive. This animal 
accepted the young from a foster mother arid lactation Avas promptly 
established. It should be pointed out that the OA’^aries were removed 
from this last animal at the time of hysterectomy and that lactation 
continued normally throughout the period of estrone treatment. 
Dailj^ injection of 257 of estrone Avas started on the 21st day of 
pregnancy in 4 rats. Although initiation of lactation Avas not pre- 
A^ented, marked depression of lactation occurred in 3 of these 4 rats 
about the 10th day after delivery. The other animal shoAved no de- 
pression of lactation throughout the experiment. It is interesting to 
note that large oA^aries Avith well-developed corpora lutea (fig. 5) 
were found in the 3 animals shoAAing depression of lactation and that 
small ovaries Avith atrophic corpora lutea (fig. 6) were found in the rat 
showing no depression of lactation. 

Effects of 'progesterone. Neither 2 mg. nor 5 mg. doses of progesterone 
per day inhibited lactation in intact rats. when treatment Avas started 
on the second day of lactation (Table 1, section 4). To arrive at a dos- 
age of progesterone adequate for study of the effects on initiation 
of lactation the amount of this hormone required to preA’^ent the on- 
set of parturition Avas determined. It Avas found that parturition 
neA’^er occurred, although some uterine bleeding Avas seen, in 3 rats 
given 1 mg. of progesterone daily beginning on tjie 19th day of preg- 
nancy. Labor Avas obseiu^ed in 1 of these animals. When the dosage 
AAns increased to 2.5 mg. no uterine bleeding appeared and the ani- 
mals shoAA^ed no signs of labor. The young Avere delivered by hyster- 
ectomy on the 22nd day of pregnancy and daily injections Avere con- 
tinued for 10 days after the operation. The lactation rate AA^as approxi- 
matelj’’ the same as that of control animals similarly operated but 
not treated Avith progesterone (cf. sections 5 and 10 of Table 1). The 
sIoAv rate of groAvth observed in the young of both groups of operated 
animals during the first 5 postoperatiA'-e days is apparent^ due to 
operatiA^e trauma. 

Effects of sinndlaneons treatment 'with estrone and progesterone. In 3 
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ovariectomized rats daily amounts of progesterone (2.5 mg.) and es- 
trone (lOOy), without effect when given separately, were injected 
simultaneously, beginning on the 2nd day of lactation. The data in 
section 6 of Table 1 show that lactation was markedly depressed in 
these 3 animals after the 13th (ia,y. Similar results were obtained 
when the same dosage of progesterone (2.5 mg. daily) was given in 
combination with 25t or with lOy of estrone. 

Two combinations of estrone and progesterone were used for 
simultaneous injections beginning on the 20th day of pregnancy 
(Table 1, section 7). Viable young were delivered by hysterectomy 48 
hours after the first injection and ovariectomy was done at the same 
time. In 2 rats injected with IOO7 of estrone and 1 mg. of progester- 
one lactation was established promptly and it was equal to that of 
the operated controls throughout the period of observation. In 1 ani- 
mal given 257 of estrone and 2.5 mg. of progesterone the initiation of 
lactation was retarded but a shghtly subnormal rate was estabhshed 
by the 7th day after the operation, with further inhibition occurring 
on the 12th day. In another animal receiving 257 of estrone and 2.5 
mg. of progesterone an incrustation of the nipples developed which ob- 
structed their openings. This horny covering was sloughed off on the 
6th day after hysterectomy, but lactation was not estabhshed until 
the 13th day although the animal had nursed young from foster 
motjiers almost continuously from the time of the operation. Lacta- 
tion continued at a normal rate until the 26th day after hysterectomy 
(13th day of lactation) when marked inhibition occurred. The 13th 
day after hysterectomy was taken a;rbitrarily as the first day of lac- 
tation for this animal in order to show in the table the effects of con- 
tinued hormone treatment on estabhshed lactation. 

Histological changes in the mammary gland. Sections of the mam- 
mary gland in animals of the various treated groups were made on 
the 17th to 19th day of lactation. Findings typical of the various 
groups are shown in figures 1 to 4. The alveolar sacs were large and 
well filled with milk in the ovariectomized rats given IOO7 of estrone 
and the alveolar cells appeared normal (fig. 1). On the other hand, 
the alveolar sacs were small and frequently almost devoid of milk in 
the intact rats given IOO7 of estrone and the alveolar cells usuall}’^ 
showed proliferation (fig. 2) . In the ovariectomized rats given estrone 
and progesterone simultaneously the alveoli were usually small and 
the alveolar cells frequently formed walls several layers thick indi- 
cating pronounced prohferation (figs. 3 and 4). It should be noted that 
257 of estrone (fig. 4) was as effective as IOO7 (fig. 3) in bringing about 
proliferation when these amounts were given with 2.5 mg. of proges- 
terone. 

DISCUSSION 

The results indicate that neither estrogens alone nor progesterone 
alone inhibits established lactation or prevents the initiation of lacta- 
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tion. A large number of reports indicates that estrogens inhibit lacta- 
tion. It is suggested that the findings in manj'- of these studies ma3'^ 
be reconciled with our observations that estrone neither prevents nor 
inhibits lactation in the ovariectomized rat if the following assump- 
tions are made: (1) Inhibition of lactation in estrogen-treated intact 
animals is due to a synergistic action of the injected estrogen with an 
ovarian secretion, probablj’' progesterone. (2) Inhibition of lactation 
in ovariectomized animals requires dosages of estrogen which greatly 
exceed the normally occurring secretion. (3) the stimulation resulting 
from nursing or manipulation of the mammary gland and from com- 
plete removal of the milk is essential to maximal lactation. 

The assumption that inhibition of lactation by estrogen treatment 
in intact animals is due to a synergism with another ovarian secre- 
tion is supported bj’- the observation in this report that simultaneous 
injection of progesterone and estrone inhibits lactation in ovariecto- 
mized rats. Since 5y of estrone per day markedly depresses lactation in 
intact rats wliile a 2OO7 dosage shows no inhibitory effect in ovariecto- 
mized animals it is clear that the inhibition observed in intact animals 
is not due to estrogens alone, and it is demonstrated that a synergistic 
action with some other ovarian hormone is occurring. The failure of 
25 t of estrone to produce any depression of lactation in a rat showing 
almost complete absence of corpora lutea (fig. 6) at the end of the 
lactation period emphasizes the importance of functional corpora lutea 
to the inhibitory action of estrogen. The histological appearance of 
the mammary gland of the treated animals indicates that inhibition 
of lactation in the present experiments is correlated with prohferation 
of the alveolar tissue. The numerous small alveoli found in the mam- 
mary glands 10 to 12 daj^s after the first injection of intact animals 
treated with estrogen and of ovariectomized rats treated with estrone 
and progesterone are lined with cells which suggest growth (cuboidal 
cells) and an abeyance of secretion (diminution or absence of fat 
globules). Fauvet (1941) observed similar histological changes in the 
mammary gland of ovariectomized rats treated simultaneously with 
estrogen and progesterone. It has been suggested that substances 
which induce mammary growth also bring about inhibition of lacta- 
tion (Loeb, 1932;Nelson, 1934 ;Folley and Kon, 1937b; Nelson, Gaunt 
and Schweizer, 1943). Nelson (1937) has shown that estrone induces 
complete mammarj’^ development in the ovariectomized guinea pig. 
On the other hand. Nelson (1935) found that although estrone pro- 
duces lobule proliferation in the ovariectomized rat it does not bring 
about complete development of the mammar}" glands. Oiu data from 
ovariectomized lactating rats indicate that estrone alone neither in- 
hibits lactation nor stimulates growth of the alveoli, while a combina- 
tion of estrone and progesterone does both. One of the combinations 
of estrone and progesterone (lOOy and 1 mg.) selected for simultaneous 
injection before parturition is based on the observation of Scharf and 
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Lyons (1941) that this combination showed the greatest alveolar 
development of the 6 combinations tried in immature male rabbits. 
The other combination {25y of estrone to 2.5 mg. of progesterone) was 
used in order to make comparison with results already obtained by 
postpartal injections. The failure to prevent the initiation of lactation 
with eithm- of these combinations of estrone and progesterone or with 
the hormones given separately suggests that removal of an inhibitory 
influence by reduction of the secretion of ovarian hormones in late 
pregnancy is not essential to the establishment of lactation provided 
maximal stimulation of lactogenic processes by nursing and removal 
of milk is obtained. However, it should be pointed out that it is not 
known whether the maximal inhibitory effects of these hormones 
have been attained in the present experiments. In fact, the greater 
effectiveness of the combination of 25 t of estrone and 2.5 mg. of pro- 
gesterone in delaying the onset of lactation suggests that a combination 
of these hormones may be found which would completely prevent the 
initiation of lactation in the rat even with a maximal stimulus of 
nursing. 

The assumption that inhibition of lactation in ovariectomized 
animals b 3 ’' estrogen requires dosages which exceed the normally oc- 
curring secretion is supported by observations on the rat. In our ex- 
periments doses of diethylstilbestrol dipropionate (1 mg. daily) large 
. enough to depress lactation also brought about a marked loss of weight 
in the lactating animals. The depression of lactation in these rats is 
perhaps due to toxic effect on the lactating animal rather than to spe- 
cific inhibition of lactation. Edelmann and Gaunt (1941) found that 
large doses of estjrogen caused lactating rats to lose weight. Trentin 
and Turner (1941) found that the decrease of food intake in rats is 


Explanation of Figures on Plate 1 

Fig. 1. Mammary gland removed on the 17th day after parturition from a rat 
ovariectomized on the day of parturition and injected daily with lOOy of estrone from 
the 2nd through the 16th day after delivery. X140. 

Fig. 2. Mammary gland removed on the 17th day after parturition from an intact 
rat injected daily with lOOy of estrone from the 2nd through the 16th day after de- 
livery. X140. 

Fig. 3., Mammary gland removed on the 17th day after parturition from a rat 
ovariectomized on the day of parturition and injected daily with IOO7 of estrone and 
2.5 mg. of progesterone from the 2nd through the 16th day after delivery. X140. 

Fig. 4. Mammary gland removed on the 17th day after parturition from a rat 
ovariectomized on the day of parturition and injected daily with 25^ of estrone and 
2.5'mg. of progesterone from the 2nd through the 16th day after delivery. X140. 

Fig. 5. Ovary (showing large corpora lutea) removed on the 17th day after parturi- 
tion from a rat injected dailj' with 257 of estrone from the 21st day of pregnancy 
through the 16th day after delivery. Compare with 6. XIO. 

Fig. 5.4. A higher magnification of a corpus luteum shown in figure 5. Compare 
with6A. X22. 

Fig. 6. Ovary (showing atrophic corpora lutea) removed on the 17th day after 
parturition from a rat injected daily with 257 of estrone from the 21st day of pregnancy 
through the 16th day after delivery. X12. 

Fig. 6.4. A higher magnification of a corpus luteum shown in figure 6. X33. 
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proportional to the increase of estradiol benzoate administration. 

The extent of the influence of nursing or manipulation of the mam- 
mary gland and removal of milk on lactation is not knoivii but it has 
been demonstrated that the mammary glands of non-nursing rats 
contain very little milk on the 7th day after parturition (Meites and 
Turner, 1942a). The prevention of lactation with estrone injection in 
pseudopregnant and in parturient rabbits by Smith and Smith- (1933) 
was obtained in non-nursing animals and the removal of milk was ac- 
complished manually. Our observation that injection of estrone be- 
fore parturition in the intact rat does not prevent the initiation of 
lactation is contrary to the findings of Smith and Smith and in agree- 
ment with the observation of Edelmann and Gaunt (1941) in the 
rat. Nelson (1934) found that estrone given immediately after par- 
turition prevented the initiation of lactation in the intact guinea pig. 
The failure to prevent the initiation of lactation by estrone adminis- 
tration in the rat suggests a species difference but the possibility that 
the lack of the stimulus of nursing may have been a factor in the ex- 
periments of Smith and Smith should be considered. 

The failure of progesterone treatment, begun prepartally, to pre- 
vent the initiation of lactation opposes the view advanced by Meites 
and Turner (1942b) that progesterone might be responsible for the 
failure of abundant lactation to occur prior to parturition and indi- 
cates strongly that the initiation of lactation after parturition does 
not require the removal of an inhibitory action of progesterone. The 
failure of postpartal injection of progesterone to inhibit established 
lactation is in agreement with the findings of Anselmino and Hoffmann 
(1936) and Folley and Kon (1937a). 

SUMMARY 

Observations were made on the effects of prepartal and prostpartal 
administration of estrogens, of progesterone and of combinations of 
estrone and progesterone on lactation in intact and in ovariectomized 
rats, using the growth rate of nursing young to indicate the rate of 
milk secretion. 

Daily ( 2007 ) treatment with estrone or diethylstilbestrol dipro- 
pionate begun on the second day of lactation does not inhibit milk 
secretion in ovariectomized rats while moderate daily {5y and lOy) 
injection of estrone inhibits lactation in intact rats, the inhibition 
appearing 10 to 12 days after the beginning of treatment. The inhi- 
bition of lactation induced by treatment with still larger dosage (1 
mg.) of diethylstilbestrol dipropionate both in intact and in ovar- 
iectomized rats was accompanied by marked loss of weight of the 
mother and is interpreted as a toxic effect. Prepartal injection of es- 
trone does not prevent the initiation of lactation either in ovariec- ' 
tomized ( 257 ) or in intact (257 and IOO 7 ) rats but does produce a 
delaj'ed depression in intact animals. 
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Daily treatment with progesterone begun prepartally (2.5 mg.) or 
postpartally (5 mg.) neither prevents nor inhibits lactation. 

Simultaneous injection of estrone and progesterone begun pre- 
partally or postpartally does not prevent lactation but it does inhibit 
established lactation after 10 to 12 days of treatment. 

The marked proliferation of the mammary glands showing inhi- 
bition of lactation suggests that stimulation of mammary growth by 
combined action of estrone and progesterone plays a role in the inhi- 
bition of milk secretion in the rat. 
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CHOLINERGIC AND ADRENERGIC COMPONENTS 
IN THE NEUROHUMORAL CONTROL OF THE 
RELEASE OF LH IN THE RABBIT 


C. H. SAWYER, J. E. MARKEE, and B. F. TOWNSEND 
From the Department of Anatomy, Duhe University Sehool of Medicine 

DURHAM, NORTH CAROLINA 
INTRODUCTION 

The nervous system, in species like the rabbit which do not ovu- 
late spontaneously, controls ovulation by stipiulating the anterior 
lobe of the hypophysis to release lutenizing hormone; LH in turn 
(alone or in combination with FSH) activates maturation and rupture 
of the ovarian follicles (Hisaw, 1947). The nature of the mechanism 
by which the central nervous system exerts its influence on the hy- 
pophysis has been the subject of numerous investigations including 
those of Markee, Sawyer, and Hollinshead (1946-1948). Electrical 
stimulation experiments by these authors (1946) gave evidence that 
hypothalamic control of the anterior lobe, which almost certainly 
involves the pituitary stalk (Brooks, 1940), is not exerted via nerve 
fibers ending in the pars distalis. The results indicated, rather, that a 
humoral link, such as the hypophyseal portal system (Wislocki and 
King, 1936; Green and Harris, 1947), might transport a chemical 
mediator capable of stimulating the electrically-inexcitable gland cells. 
Attempts to stimulate LH release by intravascular administration of 
the neurochemical agents, acetylcholine and adrenaline, led to uni- 
formly negative results (Markee, Sawyer and Hollinshead, 1947, 
1948). TiTen adrenahne was introduced directly to the adenohypophy- 
sis, however, ovulation was induced in a significant number of cases 
— 5 out of 10 with the optimal concentration (1/1000). Acetylcholine 
was ineffective even when applied in this direct m’anner. The presence 
of an adrenergic component in the natural secretion-stimulus was con- 
firmed (Sawyer, Markee and Holhnshead, 1947) by blocking copulation 
induced ovulation with Dibenamine, which is a potent adrenolytic 
agent. 

Inasmuch as direct intrahypophyseal administration of acetyl- 
choline failed to stimulate release of LH in the rabbit, as it had also 
failed in the constant-estrous guinea pig (Dey, 1943), no attempt was 
made at the time of the Dibenamine study to block the coital stimulus 
with anti-chohnergic agents such as atropine. Taubenhaus and 
Soskin (1941) had reported, however, that direct apphcation of acetyl- 

Received for publication September 2, 1948. 
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choline to the rat hypophysis results in liberation of luteotrophic 
hormone. Although the normal hypophyseal control of the corpus 
luteum in the rabbit appears to be an indirect one (Robson, 1938), it 
depends upon the integrity of the pituitary stalk (Westman and 
Jacobsohn, 1940) and might involve a cholinergic mediator. There- 
fore, to ascertain whether it might interfere with luteal function, we 
injected atropine intravenously into female rabbits withip a minute 
after copulation. Interestipgty enough, ovulation was blocked in a 
significant number of cases. 

The discovery that atropine blocks copulation-induced release of 
LH implies that the natural neurogenic stimulus includes a cholinergic 
as well as an adrenergic component. This inference led to a careful 
studs’" of the time relationships between the atropine-blocked and 
Dibenamine-blocked components in order to determine whether they 
function simultaneously or sequentially. In the earlier Dibenamine 
stud}”" the presence of ruptured or hemorrhagic ovarian follicles as 
observed at laparotomy was employed as the sole criterion of pituitary 
stimulation. In order to study the effects of partial activation, the 
present work includes an histological examination of non-ovulating as 
well as ovulated follicles. 

The results of the present study indicate that a cholinergic com- 
ponent of the neurogenic^ stimulus for the release of LH in the rabbit 
precedes the adrenergic component and may be responsible for it. 
Luteal function is not inhibited by either adrenolytic or anti-cho- 
hnergic agents, at least not in dosages which block the release of LH. 
Most of the ovarian follicles whose ovulation has been blocked by 
atropine or Dibenamine give histological evidence of partial activa- 
tion. This partial activation includes various degrees of maturation 
of the o^'nm, corona formation, secretion of secondary liquor folliculi, 
and an atypical variety of atresia in which the ovum of a large 
follicle precedes the granulosa in degeneration. Part of the results of 
the present study have already appeared in abstract form (Sawyer, 
Markee and Townsend, 1948). 

MATERIALS AND METHODS 

Ninety-four female rabbits were employed in the present investigation. 
Many were used several times so that the total number of experiments ex- 
ceeded 160. The average weight was 3.2 kg. and only 2 animals weighed less 
than 2.4 kg. Most of the rabbits were segregated for weeks before mating 
though some were used after a few days isolation. Among the latter group, 
seven were found at laparotomjL 48 hours after mating, to have been preg- 
nant a week or more. None of them ovulated in response to the experimental 
mating; these cases were excluded from the results of the pharmacological 
blocking experiments. Also excluded were cases of rabbits whose ovaries were 

' The term neurogenic as used in this paper indicates that the nervous system is 
involved, but we do not intend it to imply that the stimulus is transmitted by nerve 
fibers ending in the adenoiiypophysis. 
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found to be immature and Avhich failed to o\udate either during the attempt- 
ed blocking experiment or at subsequent mating two or more weeks later when 
no drug was emplo 3 'ed. It has been shown manj^-times that mating in imma- 
ture or pregnant females does not result in ovulation (Hammond and Mar- 
shall, 1925). 

Solutions of atropine and Dibenamine were freshlj" prepared from the 
salts- on the da}’’ in which thej’’ Avere to be used. Dibenamine was dissolved 
first in absolute alcohol (100 mg./ml.) and then diluted to 10 mg./ml. with 
unbuffered Ringer-Locke solution. The effective dose, 30 mg./kg., thus re- 
quired a total volume of 10 ml. for a 3.3 kg. rabbit, and the total solution per 
animal Avas injected in about 45 seconds. This dosage Avas above the minimum 
lethal dose as obserA’^ed earlier (SaAA’3'^er ct al., 1947) ; in the present Avork 5 of 
a total of 41 rabbits AA'hich received 30 mg. Dibenamine per kg. expired dur- 
ing the subsequent 16 hours. Atropine Avas dissoh’ed directl}"^ in Ringer-Locke 
solution and concentrations of 10 mg./ml., 30 mg./ml. and 60 mg./ml. A\’ere 
emplo3’’ed. In preliminar}’ experiments, the results of AA'hich Avill be presented 
beloAv, dosages of 1, 5, 10, 30, 50, 75 and 100 mg./kg. AA'ere injected to deter- 
mine effectiA'e and lethal dosages. 

In most of the mating experiments the service of a single vasectomized 
male Avas engaged. In a t3'pical experiment the female Avas placed in a large 
cage Avith the male. At the instant after copulation AA'hen the male fell off, 
a stop Avatch Avas started and the female hastil}' remoA'ed to an injection 
box. Injection of the drug into the marginal ear vein Avas begun immediatel}' 
or at definite intervals (15 sec., 30 sec., 5 min.) post coitum, and the time 
at Avhich injection Avas terminated A\'as also noted. “Rapid” injection ex- 
periments eliminated the transferral of the female; one person held her at tlie 
termination of coitus AA'hile another injected concentrated atropine (60 
mg./ml.) as rapidl}' as possible; onfv the time of completed injection Avas 
recorded in this series. 

The oA'aries Avere examined at laparotom}' or autops}' usuall}' at 48 hours 
though occasional!}' at 24 or 72 hours, after copulation. Unilateral oA'ariec- 
toni}' Avas often performed to obtain histological material for comparison 
Avith the remaining oA'ar}', aa IucIi Avas to be fixed at autops}' at a later time, 
under different experimental conditions. Tissues Avere fixed in Zenker’s 
fluid, sectioned at 10 li, and stained Avith Harris’ hematox 3 'lin and Er'erett’s 
(1943) modification of Malloiy’s tri-acid stain. 

The integrit}' of luteal function Avas tested b}' an histological examination 
of uteri and corpora lutea of animals autopsied at 9 to 14 da 3 's after mating, 
and b}' the histological confirmation of deciduomata established b}' thread- 
ing the uterus at fiA'e da3's post coitum and Avaiting five or six more da3's 
before autops}" (Brouha, 1934). 


RESULTS 

Establishing an optimal dose of atropine. The tAvo rabbits Avhich re- 
ceived atropine in dosages of 75 and 100 mg./kg. rapidly expired, 
AA’hile the}' lay on their .sides and gasped, and a few apparently 


- .-Vtropinf sulfate USP XIII (Mallinkrodt) and Dibenamine hydrochloride were 
used. We are grateful to Dr. William Gump of Givaudan-Delawanna, Inc., for a gener- 
ous supph' of Dibenamine. 
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spontaneous fasciculations occiuTed in their otherwise hypotonic 
muscles. Of 7 animals injected with 50 mg./kg., 2 showed little effect 
beyond pupillary dilation, 2 required artificial respiration to recover, 
and 3 died in spite of attempts to resuscitate them. Thus 50 mg./kg. 
is in the neighborhood of the LDso. Preliminary attempts with 
30 mg./kg. led to no fatalities but did induce “spontaneous” muscular 
acti^dty and respiratory embarrassment. This dosage, which was 
adopted for use in subsequent experiments, has been found to be 
above the MLD for it was lethal to at least 3 animals of 78 recei'sdng it 
in the blocking experiments. Lower dosages produced no apparent 
effect except pupillary dilation, which was induced by as little as 
1 mg./kg. 

Blocking experimejits with atropine. The results of atropine-block- 
ing experiments which were conducted independently of Dibenamine 
experiments are summarized in Table 1. Of 17 rabbits recei\’ing their 
total dose of 30 mg./kg. nothin a minute after the termination of 


TabIjE 1. Effect of Atropine Sulfate (30 Mg./Kg. Intravenoi's) on the 
Activation of the Rabbit Adenohypophysis 
(Laparotomy at 48 hrs. post coitum) 


Number 

of 

animals 

Time injection was i 

terminated 

(relative to copulation) 

Ovulated 

(hypophysis 

activated) 

1 Failed to 

1 ovulate 
, (stimulus 
blocked 
from 
reaching 
hypophysis) 

Percentage 
blocked by 
atropine 

1 

„/3 

”\8 

2, 4, 9 days before 

1, 2, 2, 5, 8, 8, 9, 12 d. before 

S I 


' 27 

17 

1 minute after* 

8 ! 

9 

53 

12 

51 minutes after 

! 11 

1 

8 

13 

10-40 seconds after* 

i 4 ■ 1 

! 1 

9 

69 


* These injections were begun ns soon as possible — certainly less than 15 seconds 
after copulation (cf. table 2). 


coitus, 9 were found at laparotomy 48 hours later to have failed to 
ovulate. This proportion, 9/17, assumes a high degree of significance 
in -view of the fact that somewhat less than one animal (non- 
pregnant and apparently mature) in ten fails to o^mlate in response to 
a single mating followed by no drug (unpublished observations). The 
probability that 9 out of 17 woidd have failed without the atropine 
is about one chance in a hundred thousand (P = 0.00001). 

When atropine was withheld for 5 minutes after copulation, how- 
ever, 11 out of 12 animals OAOilated, a figure almost identical to the 
chance probability without atropine. In these two series a concenti-a- 
tion of 30 mg./ml. was employed: the rabbits received 1 ml. solution 
per kg. weight. 

A more rapid injection series, in which a concentration of 60 mg. 
atropine per ml. wa.s used and the total (30 mg./kg.) dose was in- 
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jected -witliin 10 to 40 seconds post coitum, contained a higher pro- 
portion of failures to ovulate (9/13 or 69%). The four rabbits Avhich 
did ovulate in this series were observed to be especially “hot.” They 
raised their pelves immediately on being mounted while the others of 
the series required several seconds or even minutes of the male’s 
efforts before the}'’ responded. 

No animal wloich received 30 mg. atropine per kg. would mate 
later on the same day — the drug presumably threw her out of heat. 
Of 11 female rabbits that were injected with tins dosage of atropine 
and mated as soon as they returned to heat within twelve days after 
injection, 3 failed to ovulate. This is not very significantly different 
from the chance ratio : P = 0.07. 

Comparative blocking experiments: Atropine vs. Dibenaniine. 
Neither atropine zior Dibenaniine will block ovulation if the injection 
is delayed man}'’ minutes after copulation: almost 100% of the cases 
o’vulated after delayed injections of either drug (see above and 
Sawyer, Markee and Hollinshead, 1’947). The proportion in wliich 
pituitary activation is blocked by atropine within one minute post 
coitum (9/17 or 53%) is low when compared with the results of the 
one-minute Dibenaniine experiments (16/19 or 84%). The fact that 
an increased percentage of atropine blockage (69%) is achieved by 
increasing the rapidity of the injection, suggests that the inferiority 
of atropine to Dibenamine as a blocking agent may rest in temporal 
factors: the atropine-blocked phenomena may reach completion 
before the Dibenaniine-blocked actiwties cease. 

Before attempting to differentiate more accurately the temporal 
I'elationships of the blocldng effects, it was desirable to demonstrate 
the rapidity with which intravenous atropine and Dibenaniine reach 
and e'^'oke a response from effector organs near the hypophysis. The 
fact that the iris reacts to both di’ugs, pupillary dilatation or constric- 
tion following atropine or Dibenamine, respectively, makes the iris 
an ideal indicator for such a comparison. Tlmee rabbits were injected 
with 30 mg. Dibenamine per kg.; the solution was made up as 10 
nig./niL, and the injection was delivered at such a speed as to ter- 
minate at 45 seconds. The pupils started to constrict, on the average, 
at 25 seconds, and the constriction was complete at 35 secopds from 
the begiiming of injection. Four rabbits received injections of atropine 
at identical concentrations, dosages and speeds, with the results that 
pupillary dilatation began at 21 seconds and was complete at 32 
seconds. Thus, it is possible to state that atropine arrives at the base 
of the brain in sufficient concentrations to induce anti-cholinergic 
effects at least as rapidly as Dibenaniine does to exert its adi’enolytic 
effects. Therefore, Dibenaniine cannot be considered the better block- 
ing agent merely by ’\drtue of superior capacity to survive the in- 
travascular journey. It should be noted, in passing, that rapid injec- 
tions of atropine (dosage, 30 nig./kg.; concentration, 60 nig./mh; 3 
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Table 2. Comparative Effects of Atropine and Dibbnamine on the 
Activation of the Rabbit Adenohypophysis Following Copulation 


Injection time 
(seconds after 
copulation) 

! 

Drug 

I 

Number 

of 

Animals 

Ovulated 

Failed to 
ovulate 

1 

Percentage 
blocked 
by drug 

Begun 

[ Ended 

30 

60-90 

Atropine 

10 

9 

1 

10 


i 

Dibenamine 

10 

! 0 

5 

50 

15 

60 1 

Atropine 

20 

17 

3 

15 



Dibenamine j 

i 

3 

10 

77 


rabbits) initiated pupillary dilation at less than 15 sec. and dilation 
was completely by 20 sec. Such rapid injections of Dibenamine are 
not feasible because they are lethal; furthermore high concentrations 
of Dibenamine are insoluble in saline even after preliminarj'- solution 
in alcohol. 

To detoonstrate more adequately whether the atropine-blocked 
component of the neurogenic stimulus at copulation actually precedes 
in time the Dibenamine-blocked component, an attempt was made to 
find an injection time at which atropine might be completely ineffec- 
tive and Dibenamine completely effective. The results of these at- 
tempts are presented in Tables 2 and 3. They are 4 entirely new series, 
the experiments of which were initiated after the completion of Table 

Table 3. Degrees of Copulation-Induced Pituitary Activation Allowed 
BY Dibenamine and Atropine Injected at Similar Times in 
Individual Rabbits 

(Dibenamine, 30 mg./kg., injections started at 15 sec. or later after copulation. 

Atropine, 30 mg./kg., injections started at 15 sec. or earlier after copulation). 


Rabbit 

Number 

Wgt. 

Kgms. 

Drug 

Date 

Inject, time. sec. j 

Begun 1 Ended 1 coss and hiitological appearance 

352 

3.0 

Diben. 

Atrop. 

4/29 

5/4 

1 30 } 60 1 Clear foil.* no sections 

i 15 ! 60 j Rupt.+hem. foil.; well luteinized 

346 

3.0 

Diben. | 
Atrop. 1 

s/24 1 
5/4 1 

30 1 90 

15 { 60 

Hyperemic foil.; activation atresia ==*384 

9 Rupt. foil.; no sections 

318 

3.1 

Diben. 1 
Atrop. { 

5/29 I 
5/4 1 

15 1 70 } Hyperemic foil.; slight activation =r333 

15 • 60 1 9 Rupt.+hom. foil.; no sections 

356 i 

j 1 

; Diben. i 
Diben. ' 
! Atrop. ! 

5/6 1 15 60 ; 

6/12 \ 15 60 1 

1 5/24 1 15 ' 60 

4 Rupt foil.; no sections 

10 Rupt. foil', well luteinized 

10 Rupt. foil; well luteinized 

372 

m 

Dibeu. j 
Atrop. 1 
Atrop. ' 

6/S ' 15 60 

5/11 I — j 17 

6/19 : 15 1 60 

Clear foil.; v. slight activation = *372 

4 Rupt.-hhem. foil.; no sections 

9 Rupt. -fhem. foil.; well luteinized 

3S3 

3.4 

1 Diben. 

1 Atrop. 

1 5/24 1 15 ! 60 ! 

j S/29 I 15 i 60 1 

H 5 T)crcmic foil.; acth'ation atresia. Fig. 15 
Hyperemic foil.; slight activation, Fig. 5 

3S7 

2.9 

Diben. 

Atrop. 

5/24 

6/2 

20 

15 

75 

60 

Clear foil.; v. slight activation =/372 

11 Rupt. Foil.; well luteinized 

3S4 

2.9 

Diben. 

.\trop. 

6/12 1 15 
5/24 1 15 

60 

60 

Hyperemic foil.; acth'ation atresia Fig. 12 

11 Rupt. foil.; well luteinized 

333 j 3.3 

1 Diben. 

1 .A.trop. 

1 6/22 { 30 , 60 

* 5/29 { lo 1 55 

Clear foil.; slight activation, Fig. 4 

10 Rupt. foil.; well luteinized, Fig. 16 

393 j 3.9 

1 

Diben. 

Atrop. 

16/2 } . 15 

1 6/8 1 15 

60 ' Clear foil.; moderate activation. Fig. 6 

60 1 10 Rupt. foil.; wen luteinized 
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1. It was found that injections beginning at 30 sec. post coitum 
were 90% ineffective with atropine but only 50% effective with Di- 
benamine. Actually this latter proportion, 5/10, represents a highly 
significant degree of blocking effectiveness; with 1/10 as the chance 
failure the probability that 5/10 will fail without the drug is less than 
one chance in six hundred (P = 0.0015). Nevertheless, a second series, 
with injections beginning. at 15 sec., was undertaken. Under these 
time relationships atropine was 85% ineffective and Dibenamine was 
77% effective. The atropine ratio of 3/20 is still not significantly 
different from the chance pj’obability (P>0.1), but the Dibenamine 
ratio of 10/13 would occur by chance less than one time in ten million. 
All four of the atropine-treated animals which failed to ovulate, as 
well as most of the Dibenamine-blocked rabbits, gave histological 
evidence of partial pituitar 3 ''-activation as will be mentioned below. 

An even more significant comparison is presented in Table 3, which 
employs some of the 15-sec. results of the same animals as those 
summarized in Table 2. Ten rabbits received, on separate occa- 
sions, both atropine fat 15 sec. or earlier) and Dibenamine (at 15 
sec. or later). Of these, one rabbit ovulated in spite of the injection of 
either drug (at exactly 15 sec.) ; one failed to ovulate following either 
(at exactly 15 sec.); the other eight ovulated after atropine (at 15 
.sec. or eai’lier . . . e.g. #372) and were blocked by Dibenamine (at 15 
sec. or later — up to 30 sec.). The ovaries of most of these animals were 
studied hjstologically, and considerable evidence of the partial activa- 
tion of follicles is summarized in Table 3. This phenomenon of partial 
activation will be considered in detail in the next section. 

Partial activation of follicles in cases of blocked ovulation. In the 
rabbit healthy large ovarian follicles do not undergo the maturation 
process without the mating stimulus. The stages of normal post- 
coital maturation of the follicle and ovum have been often described 
(Pincus and Enzmann, 1935, 1937; Waterman, 1943) and will be 
only briefly outlined here. Thej'^ include migration of the nucleus of 
the ovum to the periphery and its flattening there, formation of 
tetrads, loss of the nuclear membrane, formation of the spindle for 
and extrusion of, the first polar body, and formation of the spindle 
for the second polar body. The second polar body is not normally 
extruded until after ovulation, or rupture of the follicle, which occurs 
between 10 and 14 hours after mating. While the ovum is maturing, 
preovulatory changes are occurring in the follicle, including secretion 
of the secondaiy follicular liquor (Robinson, 1918). This secretion is 
usually first seen in and around the cumulus, and as the cells of the 
cumulus loosen the corona radiata becomes more apparent., There is 
often a sharp line of demarcation between the finely granular sec- 
ondaiy secretion and the coarser primary liquor; Dawson and Fried- 
good (1940) have described in the cat a “streaming” of the secondary 
liquor into the primarjq which breaks up the boundary that separates 
them. 
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There is little doubt that the normal maturation changes are in- 
duced by pituitary gonadotrophic hormone released in response to 
the copulation stimulus. Apparently the threshold for maturation is 
less than that for complete ovulation: Hinsey and Markee (1933a) 
found that small hypophysectomized rabbits which would not o^n]late 
in response to prolan injection nevertheless underwent maturation 
to the stage of second polar spindle formation. Furthermore, Pincus 
and Enzmann (1935) induced maturation in rabbits with as little as 
one fourth the minimal ovulating do.se of gonadotrophic preparation. 

Atresia of ovarian follicles may occur at any stage in their develop- 
ment. In typical atresia of small follicles the primary degenerative 
changes occur in the egg, and these are followed by atrophy of the 
granulosa. In atresia of medium and large follicles, on the other hand, 
degeneration of the granulosa is the primary factor, and it may be 
quite complete before the ovum appears to suffer (Asami, 1920; 
Pincus and Enzmann, 1937). In typical atresia of large follicles 
maturation changes in the ovum may follow pronounced degeneration 
of the granulosa including loosening of the corona. Pincus and Enz- 
mann have .suggested that the stimulus to such maturation is some 
nutritional change in the o^’um. 

Our histological preparations of the ovaries of rabbits in which 
ovulation was blocked by drugs include all 4 of the atropine-blocked 
cases presented in Tables 2 and 3, and 12 of the 15 Dibenamine- 
blocked cases found in these tables. We also have sections of the 
ovaries of 7 rabbits which ovulated in spite of Dibenamine and 15 
animals whose owlation was not blocked by atropine. 

All four of the atropine-blocked cases gave histological evidence of 
partial activation of their follicles and, by implication, their hypoph- 
yses. The same is true of most of the Dibenamine-blocked cases. This 
evidence is presented in Fig. 1 to 15 and in the following para- 
graphs. References are made in Table 3 to the conditions in indmdual 
animals and cross-references indicate the appropriate figures in which 
those conditions are illustrated. 

Injection of atropine or Dibenamine into an uimiated estrous 
rabbit produces no follicular activation that is apparent at autopsy, 
48 hours later (Figs. 1 and 2). Three of the Dibenamine-blocked 
animals give little evidence of activation (Fig. 3). Two of the “15- 
second” Dibenamine and one of the ‘T5-second” atropine animals 
reveal ova and follicles at 48 hours which are characteristic of the 
normally stimulated ovary about 4 hours after mating (Figs. 4 and 5). 
Four other mated and Dibenamine-treated females show fairly tj'^pical 
maturation stages that are characteristic of the normal animal 7 to 10 
hours after mating (Figs. 6-9). 

The other 3 atropine-blocked rabbits (Table 2) and 9 of the 
Dibenamine-blocked specimens reveal at 48 hours an atypical or 
activation-type of follicular atresia. A low-powered photomicrograpluc 
comparison between typical and at5q)ical atresias is seen in Figs, io 
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and 11. The former, as already mentioned, is characterized in large 
follicles by a primary degeneration of the granulosa. Atypical or 
activation-atresia (Figs. 11, 12, 14, 15) is characterized by degenera- 
tion of the o\nim in an intact follicle; mitotic figures are usually found 
in the granulosa; secretion of secoiidary liquor and organization of 
the corona testify to the activation. The degenerating ova usually 
stain metachromatically; they may or may hot contain vesicular 
nuclei, and they are often apparently invaded by cellular elements 
which are stained by aniline blue (Figs. 12 and 14). We have seen 
similar activation-atresia in follicles which failed to rupture in a 
normal unblocked ovulation but not in non-stimulated ovaries. 

Two experimental animals have revealed typical, though retarded, 
activation pictures at 48 hours following one treatment and atypical 
atresia following another. Rabbit #380 showed ihaturation to polar 
body formation when atropine was injected at 10 sec. post coitum 
(Fig. 13), and on another occasion activation-atresia when atropine 
was administered at 15 sec. post coitum (Fig. 14). Rabbit #383 had 
atypically atretic follicles following 15 sec. Dibenamine blockage 
(Fig. 15) and slight typical maturation when atropine was injected at 
15 sec. post coitum (Fig. 5). 

Histological preparations of follicles which ovulated in spjte of 
15-second atropine injections (Fig. 16) and 15-second Dibenamine 
injections (Fig. 17) all showed considerable luteinization at fixation 
48 hours post coitum. The Dibenamine-treated specimens appeared 
to be fully as far advanced in the process as the atropine-injected 
cases. 

Blocking agents and luteal function. Ten rabbits were utilized to 


Explanation of Figures on Plate 1 

Apart from figures 1 and 2, all of the follicles and ova pictured in plates 1 and 2 
arc from ovaries fixed at laparotomy or autopsy at about 48 hrs. (range 43 to 52 lirs.) 
after mating with a vasectomized buck. 

Fig. 1. Section through a resting graafian follicle of a rabbit ovary fixed at 48 hours 
after an intravenous injection of Dibenamine. Note the absence both of a corona and of 
secondary follicular liquor. X40. 

Fig. 2. A higher magnification of the ovum in figure 1, showing the vesicular nature 
of the cytoplasm, the intact nuclear membrane and a large nucleolus. X210. 

Fig. 3. Section of an ovarian follicle from a rabbit (i?372) ivhich received intrave- 
nous Dibenamine at 15 seconds post coitum. There is evidence of very slight activation 
— a little secondary liquor in and around the cumulus and a granulation of the ej'to-; 
plasm of the ovum. X60. 

Fig. 4. Definite signs of follicular activation including flattening of the nucleus at 
the periphery of the ovum, corona formation and an observable contrast betiveen the 
finely granular secondary liquor and the coarser primary liquor. The rabbit (^333) re- 
ceived Dibenamine at 15 seconds post coitum. X75. 

Fig. 5. Ovum from a rabbit (if383) which received atropine at 15 seconds post 
coitum. The degree of activation is about equal to that in figure 4; under normal con- 
ditions this stage would be reached at about 4 hours after copulation. Cf. fig. 15. X210. 

Fig, 6. Evidence of further activation is seen in this follicle from a rabbit (#393) 
which received Dibenamine at 15 seconds post coitum. There is a sharp boundary, 
Robinson’s “membrane,” between primary and secondary liquors, and the spindle fop 
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Plate 1 


extrusion of the first polar body is seen as the shadow at the lower left pole of the ovum. 
X75. 

Fig. 7. Section of a follicle which illustrates “streaming” of the secondary liquor 
into the primary. The zona pellucida contains a first polar body above the ovum. The 
rabbit (#379) received Dibcnamine at 10 seconds post coitum. The follicle, one of four 
containing polar bodies in the right ovary of rabbit #379 .would probably not have 
ruptured, since the left ovary, fixed eleven days later, contained no recent corpora 
lutca. X75. 

Fig. 8. Ovum and first polar body from an ovary of rabbit #376, which received 
Dibcnamine at 30 second post coitum. The stage represented by figures 7 and 8 is 
normally reached at 8 to 10 hours after mating. X210. 

Fig. 9. Section of follicle in which the ovum contains the second polar spindle: the 
first polar body is not in the plane of section. Note the well developed corona and 
“streaming” of secondary liquor. It is at this stage of maturation that ovulation 
ordinarily occurs. The rabbit (#348) received Dibcnamine at 15 seconds post coitum. 
X75. 
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Plate 2 

Explanation of figures 

Fig. 10. Large follicle undergoing typical atresia. The granulosa has almost com- 
pletely degenerated while (he ovum, although lacking a vesicular nucleus, is still intact. 
This follicle (maximum diameter, 0.97 mm.) is only slightly smaller than the resting 
follicle (maximum diameter, 0.92 mm.) in fig. 1. X35. 

Fig. 11. Section through a follicle undergoing atypical or activation-atresia. The 
ovum is degenerate while the granulosa is intact. Activation by LH is indicated by the 
size of the follicle (cf. fig. 10), the definite corona, and the secondary liquor folliculi 
which is separated from the primary liquor by a distinct "membrane.” This follicle and 
the preceding one were both from an ovary of rabbit'#374, which was the only female 
that failed to ovulate when injected with atropine at 30 seconds post coitum (vide 
Table 2). X35. 

Fig. 12. Ovum from an at.vpically atretic follicle. The animal, 5^384, received 
Dibenaminc at 15 seconds post coitum. Note the distinct corona and the elements 
(phagocytes?) within the ovum. X185. 

Fig. 13. Section showing ovum with polar body but otherwise slight activation — 
little secretion of secondary liquor. The follicle was from the right ovary of rabbit 
^380 after treatment nfith atropine at 10 seconds post coitum (cf. fig. 14). X65. 
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Plate 3 

Explanation of figures 

Fig. 18. Cross section of a rabbit uterus fi.\ed 9 days after a sterile mating which 
was followed within a minute by an intravenous injection of atropine. Note the pro- 
gestational proliferation of the glands. The corpora lutea looked normal for 9 days of 
pseudopregnancy. X8. 

Fig. 19. Uterus with deciduomata 11 days after mating and 6 days after threading. 
Atropine was injected at 5 minutes post coitum and daily thereafter until autopsy. X8. 

determine whether atropine or Dibenamine interfered with the secre- 
tion of progesterone. The animals were mated with a vasectomized 
buck and 6 were injected with atropine and 2 with Dibenamine (30 
mg./kg. in each case) at 1 or 5 minutes post coitum; two others served 
as controls. Two of the 5-minute atropine-treated females also re- 
ceived daily injections of 30 mg. atropine per kg. until the day of 
autopsy. Laparotomy revealed that all 10 had ovulated. At a second 
laparotomj'- 5 daj'-s post coitum, the uteri of 7 animals (1 Dibenamine- 
treated, 4 atropine-treated and 2 controls) were threaded to induce 
formation of deciduomata. The 3 rabbits whose uteri were not 
threaded (1 Dibenamine-treated, 2 atropine-treated) were autopsied 
at 9 days post coitum. Their uteri, in histological sections, all showed 
progestational proliferation of the glands (Fig. 18). The 7 uterus- 


Fig. 14. Activation-atresia in a follicle of the left ovary of rabbit fZ80 after atropine 
injection at 15 seconds post coitum (cf. fig, 13). Definite activation is indicated by the 
secondary liquor and the corona. The elements within the ovum are perhaps phago- 
cytes; they arc probably not blastomeres for a vesicular nucleus is still present in a 
similarly “invaded” ovum of another follicle in the same ovary. X05. 

Pig. 15. Activation atresia after Dibenamine treatment at 15 seconds post coitum 
(rabbit #383) for comparison with figure 5. X65. 

Fig. 1G. Ruptured follicle at 48 hours after mating. The rabbit (#333) received 
atropine at 15 seconds post coitum. Cf. figures 4 and 17. X35. 

Fig. 17. Ruptured follicle at 48 hours; Dibenamine at 15 seconds post coitum. The 
degree of luteinization is approximately equal to that in the atropine-treated case, 
figure 16. X35. 
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threaded animals were autopsied at 5 or 6 days after the threading. 
Histological preparations revealed an unmistakable deciduoma in at 
least one uterine horn of each rabbit. The deciduomata were small in 
two of the atropine-treated females but were extensive in the 2 ani- 
mals which received the daily atropine injections (Fig. 19). At autopsy 
all of the corpora lutea looked normal, and histological sections from 
2 of the ‘'5-minute” atropine animals showed no apparent morphologi- 
cal changes from the control. Thus atropine and Dibenamine may be 
said to exert no overt influence on luteal function after the stimulus 
for LH release has reached the adenohypophysis. 

DISCUSSION 

Earlier attempts to block ovulation in the rabbit with atropine 
differ from the present experiments in two important details : in the 
former the dosages were much smaller and were administered just 
prior to copulation. Foster, Haney and Hisaw (1934) reported that 
atropine in doses up to 2^ mg./kg. injected between 5 and 20 minutes 
before copulation inhibited ovulation in 7 rabbits. However, Make- 
peace (1938), repeating their experiments with estrous (post-partum) 
rabbits, reported that 1 1 out of 13 ovulated in spite of atropine doses 
up to 6 mg./kg. Since the experimental conditions in the present work 
differed so extensively from those in the earlier investigations, the 
positive results cannot be considered a direct confirmation of the 
findings of Foster, Haney and Hisaw. The high dosage (30 mg./kg.) 
employed in the present experiments could not be administered prior 
to copulation for it threw the animals out of heat for one or more 
days; JMakepeace reported a similar effect in most of the animals in- 
jected with 6 mg. atropine per kg. In defense of the possible criticism 
that our higher dose blocked oiuilation by an unspecific debilitating 
effect on the animals, we need merely point out that a few seconds’ 
delay in injection allowed owlation to proceed in an unimpaired 
manner. Actually some of the rabbits in preliminarj’- experiments 
withstood 50 mg./kg. without noticeable effects beyond pupillary 
dilation; their sera probably contained high complements of atro- 
pinesterase, an enzjTue which is found in one out of four rabbits 
(Click and Glaubach, 1941). Due to the probable presence of atro- 
pinesterase in some of the experimental animals, the 30 mg./kg. dose 
maj’- have been too weak in certain cases, but the improvement in 
the percentage of blocking by increasing the rapidity of injection in- 
dicates that the time factor may well account for the failures. 

Taubenliaus and Soskin (1941) reported that in the rat prehminary 
treatment of the h3^ophysis with atropine blocked the pseudo- 
pregnancy which usually follows genital stimulation. This they at- 
tributed to an inhibition of the release of “luteinizing” hormone but 
luteotrophic hormone (lactogen) has subsequently been shown to 
control luteal function in the rat (Astwood, 1941; Evans et al, 1941). 



January, 1949 NEUE.OHUMORAL CONTROL OF HYPOPHYSIS 31 

The experiments of Robson (1938) suggest that in the rabbit the 
hypophyseal control of the secretion of the corpus luteum is an in- 
direct one, but a neural element in such control is indicated by corpus 
luteum degeneration in rabbits whose pituitarj'' stalks have been cut 
(Westman and Jacobsohn, 1940). In the present experiments neither 
atropine nor Dibenamine interfered with luteal function. This could 
mean, however, merely that single or daily injections of drugs, while 
capable of blocking the temporary neurogenic stimuli for a rapid 
surge of gonadotrophic hormone, are of insufficient duration to block 
chronic neurogenic stimuli as completely as does section of the hy- 
pophyseal stalk. 

The positive results on cholinergic stimulation of luteotrophic 
hormone in the rat (Taubenhaus and Soskin, op. cit.) and on adren- 
ergic stimulation of LH release in the rabbit (Markee, Sawyer and 
Hollinshead, 1948) suggest either that various pituitary hormones 
require different neural mediators or that various species utilize 
different mediators in their over-all neural control of the adeno- 
hypophysis. That the latter, at least in respect to the liberation of 
LH^ is not true has recently been demonstrated by Sawyer, Everett 
and Markee (1948) and by Everett, Sawyer and Markee (1948), who 
found that in the rat as in the rabbit the release of LH is blocked by 
Dibenamine. More recent experiments of the same investigators (un- 
published) indicate that the cholinergic-adrenergic mechanism pro- 
posed here for the-rabbit may also hold true in the stimulation of 
release of rat LH. 

The present work emphasizes the speed with which the coital 
stimulus reaches the hypophysis. Prior to the appearance of the 
earlier Dibenamine results (Sawyer, Markee and Hollinshead, 1947) 
it was thought that the stimulus required up to half an hour to reach 
the gland. Westman and Jacobsohn (1940) reported that sectioning 
the stalk as late as 35 minutes post coitum blocks ovulation, and none 
of their animals whose stalks were cut less than 25 minutes post 
coitum ovulated. From our more recent knowledge it seems obvious 
that Westman and Jacobsohn’s operation must have interfered with 
the output of LH rather than the reception of the particular coital 
stimulus which they were trying to block. Our earlier Dibenamine 
experiments showed that the coital stimulus reaches the hypophysis 
in less than 3 minutes. The present Dibenamine results, assuming 
that a blocking dose reaches the hypophysis within 25 seconds after 
the start of injection, indicate that in half of the animals sufficient 
stimulus for the release of an ovulating surge of LH reaches the 
hiTJophysis within 55 seconds post coitum. The stimulus for liberation 
of sufficient LH to activate the follicles of most ovaries and to ovulate 
some has reached the pituitary within 40 seconds post coitum. The 
time relationsliips of the completion of the atropine-blocked com- 
ponent are still less, as some of the "rapid-injection” animals ovu- 
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lated ill spite of a blocking dose which induced pupillary dilation 
within 25 seconds post coitum. 

The neurogenic stimulation of the release of LH is not an all-or- 
nothing phenomenon since partial actiA^ation results in the liberation 
of reduced amounts of hormone. Such a mechanism probably explains 
the dela3^ed ovulations observed after artificial stimulation of the 
hypophysis (Marshall, 1942); some of those ovulations occurred as 
much as 48 hours after stimulation. In the present work, Avith laparot- 
omy or autops}’^ at 48 hours after copulation, no certain cases of 
delayed ovulation Avere observed. There Avas, however, considerable 
histological evidence of partiaTactivation, and there v^ere many in- 
stances of activation combined with atresia of the ovum. Whether 
this atypical or activation-atresia represents the liberation of more, or 
less, LH than that required for simple partial maturation, cannot be 
determined from the present data, which are controA'^ersial on that 
point. The atypically atretic follicles appear to be similar to the cystic 
follicles produced in the rabbit by electrical stimulation too Aveak to 
induce oAmlation (Ball and Hartman, 1939). Complete blocking of the 
release of LH Avas the exception rather than the rule even in the 
Dibenamine series, and no cases Avere observed in the atropine- 
treated animals. That this inability to block completely the ovulatory 
mechanism AA^as attributable to the speed of transmission of the 
copulation stimulus in the rabbit is attested by the recent findings of 
Everett, SaAvyer and Markee (unpublished) in the rat; in that animal 
the drugs may be administered before the onset of the neurogenic 
stimulus and complete blockages of the release of LH AA'ith either 
atropine or Dibenamine are common. 

A mechanism involAung cholinergic and adrenergic components, 
apparently in sequence, recalls conditions existing in the adrenal 
medulla and in sympathetic ganglia. In the adrenal medulla Feldberg, 
Minz and Tzudzimura (1934) demonstrated that adrenaline is re- 
leased in response to acetylcholine liberated by the splanchnic nerve. 
We do not believe, however, that systemic adrenaline from the 
adrenal medulla normally stimulates the release of the hypophyseal 
LH, for tAA^o reasons: (1) No one has been able to induce ovulation in 
rabbits b}" the intravascular administration of adrenaline (Markee, 
SaAvyer and Hollinshead, 1948) ; (2) cutting the pituitary stalk blocks 
copulation-induced ovulation in the rabbit Avithout remoAung the 
major arterial supplj'^ (Brooks, 1938), AAMch Avould import the sj'^s- 
temic adrenaline. 

In sjmipathetic ganglia (Dale, 1939) there is considerable eAudence 
that a cholinergic mechanism (liberation of acetylcholine from the 
preganglionic endings) stimulates an adrenergic mechanism (trans- 
mission along the postganglionic fibers and liberation of adrenaline 
or sjunpathin from their endings). The cholinergic activity" at the 
ganglion, as also in the adrenal medulla, is a nicotinic action of 
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acetylcholine, but still probably would be blocked by atropine in 
dosages as high as 30 mg./kg. (Abdon, 1940). However, it is not prob- 
able that the cervical sympathetics are included in the natural route 
of the coital stinudus, for several workers have removed them without 
interfering with copulation-induced ovulation (Vogt, 1931, 1933; 
Hinsey and Markee, 1933b). It is true that Friedgood and Pincus 
(1935) induced ovulation in the rabbit by stimulating the cervical 
sympathetic chain electricall 3 '^, but they employed abnormally strong 
and prolonged (| to 2^ hrs.) stimulation. With stimuli of physiological 
intensities in the unanaesthetized rabbit, Markee, >Sawyer and 
Hollinshead (1946) were unable to induce ovulation even when the 
periods of stimulation were prolonged. 

Stimulation of the release of LH from the rabbit hypophysis b}^ 
the injection of adrenaline directly into the gland (Markee, Sawyer 
and Hollinshead, 1948) has implicated an adrenergic mediator as the 
final link in neurogenic stimulation. If not from the adrenal medulla 
or cervical sympathetic nerves, what are its source and pathway? The 
finding bj'^ Westman and Jacobsohn (1937) and Brooks (1938) that 
rabbits with sectioned pituitary stnlks would mate but not o%ailate 
suggested to them that nerve fibers of the stalk transport the neuro- 
genic stimuli which control the hypophysis. Westman and Jacobsohn 
(1937, 1938) demonstrated a similar importance of the stalk to normal 
gonadotrophic function in rats, but later Westman, Jacobsohn and 
Hillarp (1943) eliminated the essentiality of the abundant nerve 
fibers of the infundibular stalk. They reported numerous non- 
sympathetic nerve fibers entering the pars distalis through the 
tuberalis in the rat and also in the rabbit (Hillarp and Jacobsohn, 
1943), and that as long as a tuberalis-distahs connection remained 
intact, gonadotrophic function remained undisturbed. Figure 20A 
interprets our results in terms of Westman, Jacobsohn and Hillarp 's 
neural pathway with a central cholinergic synapse and a peripheral 
adrenergic nerve fiber. The central, hypothalamic site for the cho- 
linergic component has a precedent in the recent work of Pickford 
(1947), who stimulated the release of posterior lobe hormone in the 
dog bj’- injecting acetylcholine directly into the hypothalamus. 
Against the ner\’-e fiber localization of the adrenergic component, 
however, are the following objections: (1) Nerve endings are ver}”^ 
scarce in the pars distalis, regardless of source (Rasmussen, 1938, 
Green and Harris, 1947) : (2) Green (1948) has described as reticulum, 
fibers similar to those diagnosed as nerves by Hillarp and Jacobsohn; 
(3) hlarkee, Sawyer and Hollinshead (1946) found the pars distahs 
practically inexcitable electricallj’:, a condition that is not in keeping 
with a nerve-ending hypothesis. The finding has been confirmed by 
Harris (1948) who also reported that the infundibular .stalk was elec- 
trically iirexcitable. Both found that hj'pothalamic centers, which 
control the hypophysis, were sensitive to weak electrical stunuli 
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which were ineffective when apphed directly to the adenohypophysis. 

The arguments above as well as the findings of Westman, Jacob- 
sohn and Hillarp, that the integrity of the tuberalis-distalis connection 
is essential for normal gonadotrophic control, may all be used as in- 
direct evidence that the hypophyseal portal system is an important 
link in the neural control of the anterior pituitary. Wislocki and 



Fig. 20. Diagrammatic sagittal sections of the hypophysis with three possible 
schemes of the relationships of cholinergic and adrenergic components in the neuro- 
genic stimulus for the release of LH. A. The adrenergic mediator is liberated in the pars 
distalis from nerve fibers entering via the pars tuberalis and accompanying the portal 
vessels; the cholinergic mechanism is located at hypothalamic synapses. The cells of 
the adenohypophysis would thus receive the adrenergic mediator directly from nerve 
endings. B. The adrenergic mediator is liberated from nerve endings in the median 
eminence directly into the proximal capillary plexus of the portal system; the cholinOr- 
gic component has the same locus as in A. C. The adrenergic mediator is liberated into 
the proximal capillary plexus of the portal system from cells located in the median 
eminence; the cliolincrgic mediator is liberated in the median eminence from nerve 
fibers arising in the hypothalamus. In both B and C the cells of the pars distalis would 
receive the adrenergic mediator from the hypophyseal portal system at its distal capil- 
lary plexus. ACh., source of acetylcholine. Adr., source of adrenergic mediator. D.C.P., 
distal capillary plexus. I. P., infundibular process. M.B., mamillary body. M.E., me- 
dian eminence. O.C. optic chiasma. P.C.P., proximal capillary plexus. P.T., pars 
tuberalis. 


King (1936) were the first to suggest that this system carries blood 
through the tuberal region in the direction of the pars distalis. Their 
findings haA'^e been confirmed and extended by Green and Harris 
(1947) and by Green (1948). Harris (1948) has recently summarized 
much of the evidence in favor of a neurovascular control of the adeno- 
hypophysis. Harris’ suggestion that the portal system has rapid 
powers of regeneration may well account for the lack of impairment 
of gonadotrophic control folloAving stalk section in the guinea pig 
(Dempsey, 1939) and in the rat (Dempsey and Uotila, 1940). Brolin 
(1947) has recently emphasized the importance of the tuberalis- 
distalis connection in the control of thyrotrophic hormone. 

Figure 20, B and C, give two possible interpretations of the loci of 
the cholinergic and adrenergic components of the neural control Avith 
the portal system as the final pathway in each. Figure 20, B, has the 
cholinergic component at a central synapse in the hypothalamus and 
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the adi'energic agent liberated from nerve endings related to the proxi- 
mal capillary plexus in the median eminence. An anatomical basis 
for the latter in the rabbit is found in Green and Harris’ (1947) de- 
scription of nerve endings in the walls of the looped and tufted vessels 
of the proximal capillaiy plexus. 

Figure 20, C, places both cholinergic and adrenergic mechanisms 
peripherally, with acetylcholine from' nerve endings stimulating the 
release of the adrenergic mediator from elements in the median 
eminence. The term "peripherally” is used advisedly for the median 
eminence is no longer considered part of the hypothalamus but of the 
posterior lobe of the hypophysis (Rioch, Wislocki and O’Leary, 1940). 
There is as yet no morphological basis for the location of the ad- 
renergic component in such an hypothesis, but our work provides in- 
direct physiological evidence for it. The fact that atropine is effective 
at all, when injected intravenously post coitum, suggests a peripheral 
locus of action for the cholinergic mediator. One might expect central 
neural synapses to be activated within a matter of milliseconds, 
whereas the injection of atropine and circulation time consume many 
seconds. The differences between effective atropine and Dibenamine 
injection times, again of the order of several seconds, implies that 
stimulation of the liberation of an effective amount of adrenergic 
mediator is also a slow process. Such time relationships would fit the 
liberation of adrenaline from cells around the proximal capillary 
plexus a.s well, at least, as from nerve endings. The observation of 
O’Connor (1947) and Green (1948), that the median eminence con- 
tains many pituicjdes yet produces very little posterior lobe hormone, 
may have significance in this connection. lATiether produced by nerve 
endings or cells, adrenaline is sufficiently stable to -withstand inactiva- 
tion during a short vascular journey, which is a characteristic prob- 
ably not shared by acetylcholine in the absence of anticholinesterases. 

SUMMARY AND CONCLUSIONS 

Earlier work has demonstrated that an adrenergic mediator is in- 
volved in the neurogenic control of the release of luteinizing hormone 
from the rabbit hypophysis. Ovulation, which signifies the release of 
luteinizing hormone, was induced by instilling adrenaline, but not 
acetylcholine, directly into the anterior hj^iophysis, and copulation- 
induced ovulation was blocked by the rapid post-coital injection of 
the adrenolytic drug Dibenamine. 

Like Dibenamine, atropine sulfate blocks o-vulation when injected 
very quickly after copulation. However, to be equall}'- effective 
atropine must be given earlier than Dibenamine: when injection was 
started at 15 seconds after the termination of copulation most of the 
atropine-treated rabbits ovulated, whereas most of the Dibenamine- 
injected animals failed to o\uilate. Thus, a cholinergic (atropine- 
blocked) component of the copulation-initiated neurogenic stimulus 
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appears to precede the well established adrenergic component. 

The ovarian follicles whose rupture has been blocked by atroihne 
or Dibenamine almost invariably give histological evidence of partial 
activation. This includes characteristic preovulatory changes and also 
an atypical atresia of large follicles, in which the ova precede the 
granulosa in degeneration. After a follicle has ruptured, the normal 
development and function of the corpus luteum does not appear to be 
affected by atropine or Dibenamine. 

The natural neurogenic stimulus at copulation traverses the 
pituitary stalk, and the final pathway, distal to the median eminence, 
is probably the hypophyseal portal system. Possibly in this system, as 
in the adrenal medulla and sympathetic ganglia, the cholinergic com- 
ponent stimulates the secretion of the adrenergic mediator, which in 
turn stimulates the hypophyseal cells to release luteinizing hormone. 
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The actions of thyrotropin in various laboratory animals have 
been studied in considerable detail. Following its administration the 
thyroid gland becomes hypertrophied and hyperplastic, the content 
of protein-bound iodine decreases, but there is an increase in the inor- 
ganic iodine fraction. The circulating protein-bound iodine and the 
basal metabolic rate are elevated. An increased capacity of the gland 
to fix iodine has been demonstrated by the use of P”. 

Since none of these methods has been generally applicable to the 
study of normal human beings, and since relatively pure preparations 
of the hormone have not been readijiy available, little information has 
accumulated regarding the actions of thyrotropin in man. 

In the present study radioiodine methods originally designed for 
demonstrating the action of thyroid inhibiting substances were adapted 
to study the influence of single doses of thyrotropin on the several 
phases of iodine metabolism in the normal human thyroid gland. 

METHODS 

The methods used were those which have previously been described 
(Stanlej’^ and Astwood 1947, 1948). The total iodine accumulation was stud- 
ied by administering to each subject by mouth a tracer dose of diluted 
in normal saline solution, without added carrier. The collection of radioiodine 
by the thyroid gland was detected by serial counting at thirty- to sixty- 
minute intervals with a shielded Geiger-Muiler counter in contact with the 
skin over the th 3 Toid gland above the sternal notch. The resulting data, ex- 
pressed as counts per second per 100 microcuries of administered were 
plotted versus the square root of the time in minutes, thus converting the 
parabolic uptake curve to a straight line. The slope of this straight line, 
referred to as the accumulation gradient, served as an index of the rate of 
iodine uptake. Measurements during the first one to two hours of the stud}’- 
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allowed a fairlj’- accurate prediction of the course of uptake for the remainder 
of the period; deviations from this course could be related to the effects of 
administered inhibiting or stimulating substances (Figure 1). 

This approximate straight-line relationship was found to hold for eight 
hours or more in normal subjects, but the uptake was virtuall}’^ completed 



Fig. 1. The influence of thyrotropin on the accumulation of radioiodinc in a normal 
young woman. Fifteen milligrams of thyrotropin was administered intravenously five 
hours and forty-one minutes before the I*’‘ was taken by mouth. During the two hours 
following the tracer dose the course of uptake was established with an accumulation 
gradient of 8. At two hours and six minutes after the I‘’‘, or seven hours and forty-seven 
minutes after thyrotropin was given, the rate of accumulation increased to a gradient 
of 13.7. On the second day the uptake following a second tracer was higher (accumula- 
tion gradient — 14.4), but was decreasing on the third day. 

bj"- the end of twenty-four hours in these and in the group given thyrotropin* 
Very little change occurred for several days thereafter. Consequently, it was 
possible to make a second tracer study as earl}^ as twenty-four hours after 
the first. 

The uptake of iodide ion was measured after the administration of mer- 
captoimidazole, an antithyroid drug of the thiouracil type, in quantities 
sufficient to inhibit as completeb’^ as possible the organic binding of iodine 
in the thyroid. Usually 100 milligrams of mercaptoimidazole were given one 
to two hours before the was given, followed by 60 milligrams every eight 
hours for the duration of the experiment. It could be readily demonstrated 
that the radioactive iodine entrapped was iodide and that organic binding 
did not occur to an appreciable extent except in the instances mentioned be- 
low. Tlie administration of 1 to 2 grams of potassium thiocyanate caused a 
rapid discharge of the thjToid iodide and permitted identification of that 
portion of the total iodine which was in ionic form (Figure 2). In plotting 
these results, an ordinary linear time scale was adequate for the abscissa. 
In some instances the logarithm of the thjwoid iodide content was plotted 
against time. Since the iodide in the thyroid was in a state of equilibrium 
with the blood iodide, they both decreased in a logarithmic fashion as the 
blood level was reduced bj^ renal excretion. 

In order to estimate the iodide-concentrating capacit}^, it was necessary 
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to measure quantitatively the radioactivity in the thyroid gland as accu- 
rately as possible. The best approximation that could be obtained was calcu- 
lated from determinations made at a relativelj’’ large distance (26.5 cm.) 
from the thyroid using a sensitive gamma counter. In view of the fact that 
it was not possible to shield completely the radiation from other bodj' tissues, 



Fig. 2. The accumulation and subsequent fate of radioactive iodide ion in the 
thyroid glands of four normal persons is shown by solid lines. For comparison, the 
radioactivity over the left anterior chest are indicated by dotted lines. In all cases 
the administration of an effective dose of mercaptoimidazolc preceded the dose of 
tracer by about an hour. Proof that the tracer was in the form of the iodide ion was 
provided by the rapid discharge from the gland of virtually all the contained radio- 
activity following administration of 1 gram of potassium thiocyanate in subject A, 
In those individuals in whom complete inhibition of organic binding was maintained, 
and who were not given thiocyanate, there was a gradual loss of radioiodide from the 
gland during twenty-four to forty-eight hours. Compare ndth Fig. 4. 


and because the factor of scattering could not be accurately estimated, the 
determination of the total radioactive iodine in the thyroid gland was pos- 
sibly in error bj' 20 to 25 per cent. In order to calculate the quantit}' of radio- 
active iodide in 1 gram of thyroid tissue, the weight of the gland was assumed 
to be 25 grams in each subject. This estimate might also have been in error 
by 50 to 100 per cent. However, it was thought that any errors which oc- 
curred were constant in the same subject, so that the comparative deter- 
minations were quite accurate. 

In some experiments additional tracer doses were given at intervals of 
one or two days. The rates of accumulation of these additional tracers were 
calculated in such a manner that the residual radioactivity from former 
doses was subtracted from the subsequent readings. Thus, the plotted figures 
show only those increments of the total radioactivity in the gland produced- 
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by the dose of administered for the respective test. In most such multiple- 
dose experiments each dose of Avas 20 to 50 microcuries, depending upon 
the rate of uptake expected, but all values were expressed in terms of 100 
microcuries. 

The th 3 Totropin used- Avas freshlj’’ dissolved in 1 to 3 milliliters of dis- 
tilled AA’ater or normal saline and administered as a single dose intramuscu- 
larlj", or intraA^enously. 

Two groups of subjects of both sexes Avere given th 5 Totropin during the 
studj". The first Avas composed of seventeen individuals AA'ho had no abnor- 
malities of th 3 Toid or pituitary function, and AA^ho had been taking no drugs 
knoAvn to influence these glands. Patients Avho Avere taking th 3 Toid in vaiying 
amounts made up the second group of six people. On the basis of history these 
latter patients were considered to have had normal th 3 Toid function before 
the 3 '- AA'ere given desiccated thyroid; this opinion AA'as substantiated by the 
course of events folloAving the discontinuation of the medication. Numerous 
additional subjects of both t 3 ’’pes received no th 3 ’-rotropin and served as 
controls. 

RESULTS 

Total Iodine Accumulation in Normal Subjects: Por purposes of 
comparison, the findings in 265 normal subjects tested for various pur- 
poses during the past tAvo years were summarized. The majority of 
subjects Avere betAveen fifteen and fifty years of age, and most were 
females. The accumulation gradients varied betAveen 2 and 13 in 96.5 
per cent of instances. The ten subjects whose gradients fell outside 
these limits had higher values. Eight of these unusually high values 
Avere observed during the early work with radioiodine; there is reason 
to beheve that due to a difference in methods of standardization the 
size of the tracer dose was about 50 per cent higher than it should 
have been. 

Since the data to be presented were derived in many, instances 
from studies Avith multiple doses of tracer radioiodine, the constancy 
of the accumulation gradient in repeated tests on untreated control 
patients Avas investigated. Thirty-six subjects Avere studied more than 
once. When several months elapsed between the tests, rather wide 
Amriations Avere encountered in some instances. Consequently an ad- 
ditional group of foiu normal subjects was tested on successive or 
alternate days. As shown in Table 1, the rates of uptake on repeated 
tests Avere quite uniform. The close agreement in these results indi- 
cated that this method could be used to study changes in thyroid 
activity oA'^er the course of several days. 

Effects of Thyroid Medication: The normal subjects who were re- 
ceiving 4 to 8 grains of thyroid daily exhibited a complete or very 


- The thjTotropin was generously supplied through the kindness of Dr. John R. 
Mote of the Armour Laboratories, Chicago, Illinois. It was a purified preparation from 
beef anterior pituitary glands with a stated potency of 10 to 20 AValeszek-Koch chick 
units per milligram. This unit is defined as the total amount which, when injected 
twice daily for three days, will reduce the thyroid iodine of the chick bj' 50 per cent. 
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nearly complete suppression of iodine uptake (Figure 3). TEe sup- 
pressive effect of chronic treatment with smaller doses of desiccated 
thyroid has not been studied quantitatively, but from the few tests 
which were made it was evident that there was considerable individual 
variation. In one' subject grains daily produced nearly complete 
inhibition which continued for several weeks after treatment was 
stopped. I^Tiile 3 grains daily in one individual was sufficient to pro- 
duce only a moderate inhibition, in another given this dose the sup- 
pression was complete. 


Table 1. The Accumulation Gradients Calculated on Successive or 
Alternate Days in Pour Normal Subjects 


Days j 

Gradient 

1 

2 

3 1 

1 

4 

5 

Subject A 

4.2 1 

4.2 

3.7 



Subject B 

9.3 ! 


9.0 


9.1 

Subject G 

6.3 I 


6.4 


6.2 

Subject D 

10.1 1 

10.0 

10.2 

! 



Influence of Thyrotropin: The effect of thyrotropin on the total 
iodine accumulation by the thyroid was studied in fifteen patients who 
were considered to have normal or potentially normal thyroid func- 
tion before suppression by desiccated thyroid. 

Examples of the type of response which was observed are shown in 
Figures 1 and 3. Two individuals received single doses of in con- 
junction with the thyrotropip, while the others were given repeated 
tracer doses. After a tracer dose of radioiodine, the course of uptake 
by the thyroid region followed a distinctive pattern during the first 
eight to twelve hours, and changes in the rate of uptake were easily 
detected during this interval. t’S'hen 15 or 30 milUgrams of thyrotro- 
pin were given by intravenous or intramuscular injection during the 
course of the accumulation of a tracer dose, no effect was observed 
during the ensuing six or seven hours (Figure 3, C). Subsequent tests 
were, therefore, made by administering the thyrotropin before the 
tracer study was begun. Two subjects studied in this way exhibited 
an abrupt increase in the accumulation gradients at about eight hours 
after the injection of thyrotropin (Figure 1). In others the increase 
was more gradual; it was just detectable at eight hours (Figure 3, A), 
and a more rapid’ acceleration ensued thirteen to fourteen hours fol- 
lowing the injection (Figure 3, A and B). 

During the second twenty-four-hour period following the injec- 
tion of 15 milligrams, stimulation of iodine accumulation was at its 
height. During the third day, there was a decline toward the prein- 
jection value. The subjects who continued taking thyroid and whose 
initial accumulation gradients approached zero exhibited very low 
rates of uptake after the fourth da 3 ^ This indicated that the stimulat- 
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ing effect of the hormone had completely subsided by the end of the 
fourth day following injection (Figure 3, A). After the administration 
of 30 milligrams, the stimulating action was still demonstrable for 
five days (Figure 3 C). 

In one patient (Figure 3, B), whose dose of 3 grains daily of desic- 



Fig. 3. The influence of thyrotropin on the iodine uptake in three normal persons 
who had been taking thyroid. Patient A had taken 5 grains daily, B, 3 grains daily, 
and C, 6 grains daily. The medication of subjects A and C was continued throughout the 
study, but in B the thyroid was discontinued ten days before the e.xperiment. Each 
patient received a single dose of thyrotropin at the time indicated. In patient A an 
increased rate of uptake began eight hours after injection of the thyrotropin. This 
became more pronounced at fourteen hours and was maximal on the second day. On 
the fourth day the effect had nearly completely subsided. The sequence of changes 
observed in subject C was similar, but the effects of the thyi’otropin were still evident 
on the fifth day. In B, the uptake continued essentially unchanged after the third 
day, presumably under the influence of endogenous thyrotropin. 

cated thyroid had been discontinued ten days prior to the first test, 
a different sequence was observed. The control uptake was low, but 
not zero, indicating that function was not completely supp^ressed. 
The maximal augmentation of uptake occurred on the second day 
following the injection of 15 milligrams of thyrotropin, and the in- 
creased rate of accumulation was only slightly diminished on the third 
day. One week later, with no treatment of any sort in the meanwhile, 
the iodine uptake was again at the high level of the second day. On the 
sixty-second day after the initial injection thyroid function was still 
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normal without further treatment. Presumably a normal th 3 'Toid- 
pituitary relationship was re-established at about the time the exog- 
enous thyrotropin was administered. 

The Iodide Uptake and the Thyroid-to-Blood-Iodide Ratio were 
studied in eight normal subjects who had not been given thyroid. 
Inhibition of organic binding of iodine in the thyroid gland was con- 
tinuously maintained with mercaptoimidazole throughout each series 
of tests. The influence of thyrotropin on the thyroid iodide content 
was observed over the course of twenty-four hours or longer. 

\Yh.en organic binding of iodine is prevented, a tracer dose of 

labels the iodide ion in the thyroid and in the body as a whole. 
Equilibrium is quickly established so that one to three hours after 
the tracer is given the radioiodide in the thyroid region is at a maxi- 
mum. Thereafter the thyroid ra/iioiodide gradually declines as the 
body’s is slowly lost in the urine and replaced by from endoge- 
nous and exogenous sources (Figures 2 and 5 A, B). 

"ViTien thyrotropin was given, the rate of decline in the thyroid’s 
radiodine was markedly modified; there was either much less of a de- 
crease, no decline, or as much as a 90 per cent increase in the iodide 
levels one day later (Figure 4). To gain further information about the 
magnitude of the increased capability of the thyroid for concentrating 
iodide, the amounts of radioactivity in the serum were correlated with 
the thju'oid radioiodide determined at intervals before and following 
the action of thyrotropin. When no thyrotropin was given, it was 
observed that the ratio of the iodide in the thyroid to the iodide in 
the serum remained nearly constant for one to two days (Figure 5, 
A and B). In the instance of subject A shown in Figure 5, the concen- 
tration of iodine in the thyroid during the second day was somewhat 
higher than expected, and it is possible that this was caused by the 
organic binding of a small amount of iodine. After the administration 
of th 3 ’'rotropin, the ratio was constant for approximately eight hours 
and then increased markedly. In one experiment the change was pro- 
gressive until the thirty-first hour, after which it remained approxi- 
mately constant for fifteen hours (Figure 5, C). The capacity of the 
thyroid for concentrating iodide was increased to 6.5 times the control 
value in this patient. 

Other subjects were given multiple tracer doses to study the influ- 
ence of single injections of thyrotropin on the iodide uptake. In one 
patient (Figm-e 4, C) the course during the first 23| hours after 30 
milligrams of thyrotropin was as described above; between 7| hours 
and 23^ hours there was a rise in radioactivity in the gland even 
though the radioactivity in the body as a whole had fallen markedly. 
The greatly increased iodide-concentrating capacity was then studied 
b 3 ' a second tracer dose which revealed a maximal concentration eight 
times that of the first da 3 ^ This high concentration diminished unu- 
sually quickly during the balance of the second twenty-four-hour pe- 
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riod at the termination of which the radioactive iodide leA^el from the 
second tracer was less than it was at the end of the first twenty-four- 
honr period. At the beginning of the third day the maximal accumula- 
tion from a third tracer dose, forty-eight hours after the thyrotropin, 
was slightly less than three times the control value. 

In a second subject (Figure 4, B) studied for 42| hours after a 
single tracer dose, the usual gradual decline in radioactive iodide did 



Fig, 4. Tracer studies on the iodide content o{ the thyroid in the three normal 
subjects above were performed in the same way as those shown in Figure 2, except for 
the injection of thyrotropin. During the twenty-four hours following the administra- 
tion of thyrotropin the expected decrease in radioactivity in the thyroid was partially 
prevented, and in B and C there was actually a slight increase during this period. 
Twenty-four to forty-eight hours after the injection of thyrotropin there was an 
increased capacity for the concentration of iodide. In B, the nearly complete loss of ra- 
dioactivity after thiocyanate showed that the increased accumulation was actually 
iodide ion and not organically bound iodine. 


not occur until thirty hours after the thyrotropin was given. A second 
tracer revealed that the iodide content of the thyroid gland was 3.4 
times higher than it was before the thyrotropin effect began. At the 
end of the test the prompt discharge of 94 per cent of the radioac- 
tivity’’ from the gland after 2 grams of potassium tliiocyanate indica- 
ted that virtually all of the iodine was still in the form of iodide, and 
that only a negligible degree of organic binding had occurred. 

Effect of Thyrotropin on the Discharge of Stored Thyroid Hormone: 
Follovdng injectious of thyu'otropin in the chick, Keating et al. showed 
a rapid loss of stored hormone from the thyroid; this occurred during 
the first twenty-four hours, while a significant increase in iodine ac- 
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cumulation did not take place until the second daJ^ This suggested 
that an emptying of the follicles of their contents was a prerequisite 
for an increased iodine uptake. 

It was of interest to determine whether a single injection of thy- 
rotropin would result in a measurable loss of stored hormone. In 
the subjects who were given 15 or 30 milligrams of thyrotropin, the 
maximal accumulations attained during the first twenty-four hours 
after the tracer were not followed by significant declines during the 
following two to four days. Two other subjects were first given a 
tracer dose of I*®^ and then, when the uptake had ceased, were given 



Fig. 5. The influence of thyrotropin on the capacity of the normal thyroid gland to 
concentrate iodide ion. Each of the three normal subjects above received repeated 
doses of mercaptoimidazole to inhibit the organic binding of iodine. The solid circles 
show the radioactivity of the thyroid region, and the crossed circles indicate the radio- 
activity in the serum. The actual thyroid:serum iodide ratios were: 

A. (1) 34, (2) 43, (3) 43.2, (4) S9.9, (5) 7S.1 

B. (1) 43.9, (2) 43.3, (3) 42.8, (4) 34.6, (51 35.2 

C. (1) 85.5, (2) 92.5, (3) 99.5, (4) 153, (5) 378, (6) 554, (7) 494, (8) 543. 

It will be seen in (A) that the last two ratios are higher than the first three. This is due 
to a higher than expected thyroid concentration, probably caused by the organic 
binding of a small amount of iodine. In subject C under the influence of thyrotropin 
there was a marked increase in the ratio beginning at about eight hours after in- 
jection and attaining a value of 6.47 times the control values at thirty-one hours. 
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a single dose of 30 milligrams of thyrotropin. Serial determinations 
extending over thirteen hours and seven days, respectively,' revealed 
no significant loss of the stored I*®’. 

In view of the large store of hormone contained in the normal 
human thyroid, it was perhaps to be expected that no loss of the 
labeled organic iodine would be detectable following such a brief 
period of stimulation. 


DISCUSSION 

The latent period of eight or more hours between the time of 
thyrotropin administration and the first detectable increase in thyroid 
activity is difficult to understand. Numerous experiments with vari- 
ous anterior pituitary hormones have shown that frequent injections 
are necessary to achieve maximal effects. Most anterior pituitary 
hormones are far more effective if the daily dose is subdivided and 
given every few hours, suggesting that hormones of this type are 
rapidly eliminated from the circulation. It would seem likely that the 
maximal stimulus to the thyroid gland following a single injection 
of thyrotropin would occur during the first hour or so and that by 
eight hours, when the first detectable increase in function is noted, 
the quantity of circulating thyrotropin would be already markedly 
decreased. Certainly it would be reasonable to suppose that by the 
second or third day, when evidences of stimulation are still clearly 
manifest, the injected thyrotropin has largely been eliminated. It 
would seem as if thyrotropin in its action upon the thyroid cell merely 
initiates a sequence of changes which then proceeds without its further 
influence. 

It was of interest to find that the two aspects of thyroid function 
studied were influenced by thyrotropin in a similar manner. The in- 
creased organic binding of iodine was first detectable eight hours after 
the thyrotropin was given and became maximal some hours later. As 
far as could be determined, the increased capacity of the thyroid to 
concentrate iodide ion exhibited identical time relationships. As these 
two aspects of thyroid activity were stimulated simultaneously, it 
would not be reasonable to assume that one was primary and the 
other secondary. Rather it would appear that these two processes 
merely reflected an increased activity on the part of the thyroid cell 
induced by the injected thyrotropin. "V^Tien the capacity of the cell to 
bind iodine was increased, an increased quantity of iodide ion was 
at the same time provided; when the cell was caused to concentrate 
more iodide, it at the same time coiild convert it more rapidly into an 
organic form. Inasmuch as the increase in iodide-concentrating ca- 
pacity occurred when organic binding was inhibited, the binding 
process was obviously unessential for the phenomenon of augmenta- 
tion of iodide concentration. It could not, however, be stated that the 
increase in iodide concentration did not facilitate a more rapid binding 
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of this iodine, but various considerations suggested that this would not 
be a large factor. 

It would be of interest to know whether the increased rate of se- 
cretion of thjToid hormone follows the same temporal pattern after 
thjTotropin as the other two aspects of thyroid activity which have 
been studied here. From studies of radioautographs Leblond and Gross 
have concluded that all of the functions of the thyroid cell proceed 
simultaneously. Thej’’ have pointed out that, in analogy to the intesti- 
nal mucosa, the thyroid epithelium could easily secrete a protein 
hormone into the follicle at the same time as it digested and secreted 
the stored hormone into the blood. If this concept is correct, it would 
suggest that thyrotropin stimulates the several components of thyroid 
function simultaneously; it enhances the capacity of the thyroid cell 
to concentrate iodide ion, to bind iodine to protein, to secrete thyroid 
protein into the follicle, to digest stored hormone, and to secrete it 
into the blood stream. 

From the previous studies on the iodide-concentrating capacity of 
the thyroid gland (Stanley and Astwood, 1948), it was suggested that 
an increased ability of the thyroid to concentrate iodide ion correlated 
in some way with hypertrophy and hyperplasia. The experiments re- 
ported in the present communication suggested that an increased ca- 
pacity for iodide was a reflection of the action of thyrotropin on thy- 
roid tissue. The ratio of the concentration of iodide ion in thyroid tis- 
sue to that in the serum was found to vary between 34 and 94, and 
averaged 50, in three normal persons in the present study. The means 
by which this estimate was made was subject to a considerable margin 
of error, but it was of interest that the ratio was of the same magni- 
tude as that found by VanderLaan and VanderLaan (1947) in normal 
rats. Here a more exact measurement was possible and the ratio 
averaged 25. Likewise, the high value of 554 shown by one patient 
given thyrotropin might be compared with the mean of 240 found in 
rats whose glands were made hyperplastic by the administration of 
propylthiouracil. 

The studies reported above have practical implications. One is 
able to determine whether or not a patient being treated with thyroid 
does or does not have a potentiall}'' functional thyroid gland. It is 
common clinical experience that when euthyroid patients are treated 
with thyroid, the vdthdrawal of medication is sometimes followed by 
transient symptoms and signs of hypothyroidism. This phenomenon 
has been carefully studied by Riggs, Man, and Winkler, who shoAved 
that when large doses of thjToid Avere discontinued the metabolic 
rate, serum cholesterol level, and the concentration of serum-pre- 
cipitable iodine changed from values in the range of mild hj'perthju'oid- 
ism to those of m3Tcedema. It was only after four to six weeks that 
these criteria of thyroid function reA’^erted to normal. The use of thy- 
rotropin in conjunction AA’ith radioactiA'e iodine makes it possiljle to 
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determine quickly whether the thyroid gland of the thyroid-treated 
patient is present and normally jesponsive, 

SUMMAEY 

Studies with of the effects of a single injection of 15 or 30 milli- 
grams of thyrotropin in 23 normal subjects have been made. For 
eight hours after the injection no effect on the rate of iodine uptake 
by the thyroid could be detected, but thereafter a marked accelera- 
tion, becoming maximum in twenty-four to forty-eight hours, was 
observed. The rate of turnover of iodine returned to the pre-injection 
level in four to five days. This sequence of events was still more clearly 
exhibited by individuals whose thyroids had been compensatorily 
suppressed by thyroid medication. "WTien the organic binding of iodine 
was prevented by the use of mercaptoimdazole, it could be shown that 
the iodide-concentrating capacity of the thyroid was similarly in- 
creased by thyrotropin and the time relationships of this increase were 
the same as those of the total iodine accumulation. Following a single 
injection of thyrotropin, it was not possible to detect any loss of stored 
thyroid hormone. 
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THE TRANSPORT OF PROGESTERONE IN BLOOD' 

CHARLES W. HOOKER and THOMAS R. FORBES 

From the Department of Anatomy, Yale University School of Medicine 
NEW HAVEN, CONNECTICUT 

This studj’’ was undertaken with the objective of determining the 
order of concentration of progesterone in the blood of certain repre- 
sentative mammalian species and of ascertaining the form in which 
this hormone is transported in the blood. It seems generally supposed 
that steroid hormones in the blood are intimately associated with pro- 
tein (Edsall, 1947), although eiddence for this relationship has, so 
far as we are aware, been presented only for estrogen (Haussler, 
1936; Miihlbook, 1939; Rakoff, Paschkis, and Cantarow, 1943; Szego 
and Roberts, 1946, 1947; Roberts and Szego, 1946; Boettiger, 1946). 

METHODS 

No effort was made to examine anj"^ reproductive state; the onb' consider- 
ation was to be reasonablj' confident that the blood to be examined would 
contain progesterone. Accordingl}', blood was obtained from pseudopregnant 
rabbits (virgins, six or seven daj^s after injection of gonadotrophin), a rhesus 
monkey in the luteal phase of the menstrual cycle, a woman considered to be 
in the eighth week of pregnancy, and a group of mice five days after mating. 
Examination revealed that not more than one-half of the donor mice were 
pregnant. The blood from the woman and the monkej' was drawn from a 
superficial vein; that from the rabbits and mice was obtained bj'' cardiac 
puncture. Sodium citrate was emploj'ed as the anticoagulant. 

The assaj's of progesterone were done by the intrauterine injection method 
in mice (Hooker and Forbes, 1947), which detects 0.0002 ng. of progesterone 
in a standard volume of 0.0006 ml. of vehicle, a concentration of 0.33 /ig. 
per ml. The sensitivity of the test is the same whether sesame oil or 0.9 per 
cent saline is the vehicle (Forbes and Hooker, 1948). The concentration of 
progesterone ivas ascertained by injecting serial dilutions of the specimen to 
be tested, the greatest dilution giving a positive test being considered to 
reflect the concentration. For example, if a plasma sample gave a positive 
test when diluted IS times and a negative test when diluted 20 times, the 
concentration is recorded as 6.0 tig. per ml. (18X0.33). It will be apparent 
that the precision of the value depended upon the gradations in the dilutions 
tested. 

The values for raw whole blood and for raw plasma were obtained by 
testing serial dilutions of each made with 0.9 per cent saline. Separation of 
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the free and bound progesterone in plasma -^vas attempted in two ways. In 
the first the sample was extracted with ether, a procedure used by Kakoff, 
Paschkis, and Cantarow (1943) to obtain the free estrogen in blood. A 
measured, small amount of sesame oil was added to the ethereal extract, and 
the ether was then removed by distillation under diminished pressure, leav- 
ing the material extracted by the ether in solution in the oil. This fraction 
was labelled “free” progesterone. Following extraction with ether the plasma 
residue was submitted to hydrolysis by bringing it to pH 0.5-1.0 with con- 
centrated hydrochloric acid and immersing in boiling water for six hours. 
After cooling, the mixture was extracted with ether and the dissolved mate- 
rial was incorporated in a measured amount of .sesame oil as above. This 
fraction was labelled “bound” progesterone. In three instances the. plasma 
after extraction with ether was tested for progesterone before hydrolysis. 

The second method of separation was a modification of that 'used by 
Szego and Roberts (1947) for separating free and protein-bound estrogen. 
Here the plasma was added slowly with stirring to approximately ten vol- 
umes of acetone at 3°C. to precipitate the proteins. After standing overnight, 
the supernatant Avas pipetted off, and the precipitate Atas Avashed three 
times at the centrifuge Avith a 1:1 mixture of acetone .and ether. An effort 
AA’as made to keep the material cold. The AA'ashings Avere-hombined AAuth the' 
supernatant, a measured amount of sesame oil Avas added, and the ether 
and acetone A\’ere removed by distillation under diminished pressure. Most 
of the Avater of the plasma of course rernained, and_the'Oil. AA-as alloAA'ed to 
separate by standing or hy centrifugation. This fraction AA’as labehed “free” 
progesterone. The proteins AA’ere alloAA’^ed to dr3’- in .air, poAvderedj , and sus- 
pended or dissolved in distilled Avater. The suspension or solution Avas acidi- 
fied AA'ith concentrated HCl to pH 0.5 to 1.0- and inimersed in boiling Avater 
for six hours. After cooling, the mixture Avas extracted Avith ether, and the 
dissolved material Avas incorporated in sesame oil as described above. This 
fraction AA’as labelled “bound” progesterone. .. • ' . 

In certain instances raAV plasma and raAV Avhole blood AA'^ere submitted-to 
the same hydrolytic procedure Avithout first removing the free progester- 
one. The ob.iective AA’as to determine AA’hether the procedure destroj''S pro- 
gesterone. In tAA’o instances the proteins in a sample of plasma Avere precipi- 
tated by tungstic acid, and the filtrate A\’as assaj’-ed. In one instanee a mass 
of plasma protein precipitated bj'’ acetone AA'^as suspended in Avater and tested 
without h3’drol5"sis. 

RESULTS . 

The results are summarized in Table 1. The columns are arranged 
from left to right in the chronological order in Avhich the samples were 
assayed ; the increase in agreement reflects improvement in technical 
proficiency and greater foresight in making the dilutions for test. The 
failure to get exact values for the mouse blood was the result of not 
testing intermediate dilutions. 

The values found for the concentration of progesterone in raw 
plasma ranged from 5.3 to 8.0 gg. per ml. The values for Avhole blood 
are less exact, but the apparent range Avas from 4.0 to 6.0 fig. per ml. 
The progesterone revealed by these tests appears to have been en- 
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tirely in the plasma. On the basis of the values for whole blood and the 
hematocrit for the second rabbit, the woman, and the monkey, plasma 
concentrations of 6.0, 5.4, and 6.5 Mg- per ml., respectively, would be 
expected if ail of the progesterone revealed were in the plasma. The 


Table 1. Blood Pkooesterone Levels, jug/cc. 


Rabbit, pseudopregiiant 

Species, status 

day day day day 

- Mouse 
preg. ± 

Man 

preg 

8 weeks 

Monkey 

luteal 

phase 

Hematocrit 26 

20 

27 


27 

35.7 

28 

Raw whole blood >2.6 

5.0 



5-10 

4.0 

5.0 

<5. 3' 







Raw plasma .5.3 

G.O 


8.0 

5-10 

5.3 

6.0 

Protein free filtrate, plasma 3 .7 

5.0 






Ether e.xtract, plasma 4.3 

5.3 



.5-10 

5.3 

6.0 

Acetone supernatant, plasma 


6.6 


5-10 

5 .5 

6.0 

Ether insol., plasma 0 

0 





0 

Acetone ppt., plasma 


0 





Hydrolysate, ether insol. 0.3 

0.5 



0 .5 

0.2 

0.2 

Hydrolysate, acetone ppt. 


0.9 


0.8 

0.2 

0.2 

Hj’drolysate, whole blood 



6.0 

7. 3-9. 3 

4.3 

5 .3 

Hydrolysate, raw plasma 

6. 6-8. 2 



8. 3-9. 3 

5.3 

6.0 

Bound, per cent of total 5 .3 

7.7 

12.0 



3.5 

3.2 


observed values of 6.0, 5.3, and 6.0 Mg- per rnl., respectively, are in 
satisfactory agreement with the expected values. 

The values for the ethereal and acetone extracts are in good agree- 
ment with each other and with the values for the same raw plasmas. 
Apparently, therefore, the progesterone in plasma that manifested 
itself upon intrauterine injection was quantitatively extracted by both 
solvents. Moreover, neither solvent removed progesterone that was 
inactive while in the plasma. 

Although tested only twice, and both times early in the studs’-, 
the amount of active progesterone remaining in the filtrate of plasma 
after precipitation of the proteins was comparable to that in the raw 
plasma and that extracted by ether. 

Tests of three plasma samples after removal of the ether-soluble 
material revealed no pj-ogesterone in concentrations as high as 0.33 
Mg. per ml. (the minimal concentration that the assay detects), and 
are in consequence recorded as being negative. Similarly, a suspen- 
sion of acetone-precipitated plasma protein from the third rabbit ex- 
hibited no activity. iVhen, however, the plasma after extraction with 
ether was submitted to acid hydrolysis and concentrated somewhat in 
oil solution, progesterone in amounts ranging from 0.2 to 0.5 Mg- per 
ml. of original plasma was revealed. Similarly, acid hj’drolysis of the 
plasma proteins precipitated by acetone revealed progesterone in 
amounts ranging from 0.2 to 0.9 Mg- per ml. of original plasma. 

If the progesterone extracted bj"- ether and acetone is considered 
to be free progesterone and that revealing itself only after hj’drolysis 
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of the proteins is considered to be bound, the latter fraction consti- 
tuted 3.2 to 12.0 per cent of the total progesterone. The average was 
6.5 per cent. 

The low values for bound progesterone suggested the possibility 
that the procedure employed for hydrolysis of the proteins might in- 
activate bound progesterone almost as rapidly as it was freed. The 
quantity of progesterone found after hydrolysis of raw whole blood 
and raw plasma, however, was in every instance no less than the 
values for free progesterone in raw whole blood and in raw plasma. 
In some instances the values were almost exactly the sum of the free 
and bound fractions. Hence it seems unlikely that the hydrolytic pro- 
cedures destroyed progesterone. 

DISCUSSION 

The similarity of the levels of progesterone from species to species 
may represent nothing more than chance selection of physiological 
states with comparable levels of progesterone. The data suggest, how- 
ever, that during active luteal function the blood levels of proges- 
terone may be comparable in several species. 

A plasma level of progesterone varying around 6.0 jug- per ml. is 
somewhat higher than the available estimates for other steroid hor- 
mones. McCullagh and Osborne (1938) found approximately 4 i.u. 
of androgenic activity in 100 ml. of human plasma. If the actuve sub- 
stance be assumed to be testosterone, the concentration was 0.6 Mg- 
per ml. In whole blood from bulls, Womack and Koch (1932) found 1 
i.u. of androgenic activity in 600 ml., a concentration of 0.025 Mg- per 
ml. if the active substance were testosterone. In blood from pregnant 
women the highest concentration of estrogen, calculated as estrone, 
found by Szego and Roberts (1947) was 0.9 Mg- per ml., and by Gold- 
berger and Frank (1942) was 0.13 Mg- per The higher level of 
progesterone is consistent with its lower activity if it is permissible 
to compare quite different actions of different hormones. 

The finding that approximately 10 per cent of the total progester- 
one is "bound" contrasts with the observation that approximately 65 
per cent of the estrogen in blood is protein-bound (Rakoff, Paschkis, 
and Cantarow, 1943; Szego and Roberts, 1946). Denaturation of pro- 
tein by the procedures employed in removing the free progeste- 
rone is an obvious possibility to account for the low value for bound 
progesterone. Precipitation by cold acetone and the maintenance .of 
low temperatures throughout the separation of the free fraction should 
minimize denaturation, however; the free values obtained by this 
method were similar to those given by extraction with ether and to 
the acti\dty of untreated raw plasma. On the other hand, it is pos- 
.sible that all of the proge.sterone is bound to protein, most of it 
so loosely that the methods employed would not distinguish it from 
free progesterone. Such a circumstance would also be unUke that re- 
ported for estrogen in blood, It will be apparent that the objective 
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here was to compare the transport of progesterone with that reported 
for estrogen, and the observa;tions cannot elucidate the nature of the 
association with protein. Indeed, the bound fraction may have been 
conjugated, for example as sulfate or glucuronide, and not in any way 
related to protein, inasmuch as the methods employed probably would 
not differentiate protein-bound and conjugated progesterone. A pos- 
sible, but not insistent argument against conjugation is that conju- 
gated progesterone has not apparently been reported to occur. An 
oblique argument that the binding was to protein is that this fraction 
was revealed by procedures used to demonstrate protein-bound es- 
trogen, and estrogen has been separated from purified proteins (Rob- 
erts and Szego, 1946). 

Protein-bound estrogen in blood has been suggested to act as a sort 
of reservoir, with an equilibrium between the free and protein-bound 
moieties (Szego and Roberts, 1946). This suggestion seems unlikely 
for bound progesterone. The amount of this fraction appears to be 
too low, relatively, and it seems incapable of freeing itself in a period 
of 48 hours in a uterine segment. Indeed, binding is apparently a 
means for the hepatic inactivation of progesterone in the mouse 
(Forbes and Hooker, unpublished). It would be desirable to know 
whether bound progesterone is dialyzable as is estrogen (Szego and 
Roberts, 1946). The low concentration of this fraction, the low solu- 
bihty of progesterone in water below body temperature (Forbes and 
Hooker, 1948), and the rapid disappearance of progesterone from 
plasma stored at body temperature (Hooker and Forbes, unpub- 
lished) would make the determination difficult. 

In the blood of the four species examined progesterone is thus 
apparently transported entirely in the plasma and is primarily free 
rather than bound to protein. The concentrations of free progesterone, 
and indeed of total progesterone, in no instance exceeded the solu- 
bility of this substance in water at body temperature (Forbes and 
Hooker, 1948). It is apparent, therefore, that no special or complex 
mechanism is needed to dissolve the amounts of progesterone found 
in blood, and none was indicated. Various mechanisms are possible 
and may be operating (Masson and Selye (1945) report a much higher 
solubility of progesterone in serum in vitro), but their necessity is not 
evident. The same situation appears to obtain for estrogen. The 
highest concentration found by Szego and Roberts (1947), calculated 
as estrone, was 0.9 ftg. per ml. of whole blood, which could not be 
greater than 1.35 ^g- per ml. of plasma (even assuming a hematocrit 
of 50), whereas estrone dissolves in water to the extent of 2.1 jug- per 
ml. (Doisy, 1939). The binding of roughly two-thirds of the total es- 
trogen to protein (RakofI, Paschkis, and Cantarow, 1943 ; Szego and 
Roberts, 1946) may serve to increase the solubihty of this substance, 
but binding may be unnecessary for this purpose and, indeed, have 
quite another function, 

Ob\dously, three values for progesterone in blqod may be deter- 



66 


HOOKER AND FORBES 


Volume 44 


mined — free, bound, and total. The first may be learned by assaying 
raw blood or plasma, the last by assaying hydrolyzed raw blood or 
plasma, while determination of the bound fraction necessitates frac- 
tionation and hydrolysis. The labor and time involved are greatest 
when the bound value is determined and least when only the free 
value is wanted. If the desired end is an assessment of the humoral en- 
vironment of a target organ, the free value appears at the moment to 
be the only value of importance. The significance of the bound frac- 
tion is unknown, but it has thus far been quite low, and of indicated 
consequence only in the metabolism of progesterone. 

SUMMARY 

The blood levels of progesterone during one phase of luteal ac- 
tivity in rabbits, mice, a monkey, and a pregnant woman were deter- 
mined by a bioassay method that detected a concentration of' 0.33 
jug. per ml. In the samples examined the total progesterone was be- 
tween 4.0 and 8.0 jug. per ml. of whole blood, and was located entirely 
in the plasma. 

Progesterone in the plasma apparently was present in two forms. 
Roughly 90 per cent was free, and the remainder was bound to pro- 
tein or conjugated. The bound or conjugated fraction was inactive as 
tested, and was revealed only after partial hydrolysis of the plasma 
proteins. Fractionation was accomplished by methods that have been 
employed to separate free and protein-bound estrogen in blood. 
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THE EFFECT OF GROWTH HORMONE ON THE 
INORGANIC PHOSPHORUS LEVELS 
IN THE PLASMM 

CHOH HAO LI, I. GESCHWIND= and HERBERT M. EVANS 

From the Insfiiuie of Experimental Biology, University of California 

BERKELEY, CALIFORNIA 

The fact that the hypophysis may play an important role in the 
control of inorganic phosphorus in the animal has been known for 
some time. Kobayashi (1931) and Schijo (1934) have shown that 
hypophysectomy in dogs causes a reduction of the inorganic phos- 
phorus of the blood. Irradiation of the rabbit’s pituitary also brought 
about a decrease in blood phosphorus (Cannavo and Beninato,. 1934). 
In rats, the removal of the pituitary reduces markedly the serum inor- 
ganic phosphorus level (Anderson and Castler, 1938; Jones and Shino- 
wara, 1942). 

The earlier work of Teel and Watkins (1929) indicated that an- 
terior pituitary extract produced an increase of inorganic phosphorus 
in the blood of dogs. These results were later extended by Gerschman 
and Marenzi (1935) who found that the blood inorganic phosphorus 
level changes from 4.25 mg. to 7.88 mg. per cent as the result of pitui- 
tary extract injections. The clinical data of Reifenstein et al. (1946) 
showed that the serum inorganic phosphorus level is elevated in both 
acromegalic patients alnd growing children. These experiments seem 
to indicate that growth hormone in the anterior pituitarj’- extract is 
responsible for the changes of inorganic phosphorus content in the 
plasma. 

Experimental. jMale rats of the Long-Evans strain were used. The 
animals, fasted from 16 to 20 hours, were anesthetized Avith sodium 
amytal and blood was taken from the inferior vena cava with heparin 
solution as the anticoagulative agent. The method of Berenblum and 
Chain (1938) was employed for phosphorus determination. Growth 
hormone ivas prepared by the method preidously described (Li, 
Evans and Simpson, 1945). 

The change of plasma inorganic phosphorus level xoifh age. The in- 
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organic phosphorus concentration in the plasma of male rats^ at 
different ages is summarized in Table 1. It is evident that young grow- 
ing rats have more inorganic phosphorus in their blood in comparison 
with that found in later stages of life. The inorganic phosphorus in the 
plasma is maintained at the same level from 15 days to 55 days of 

Table 1. Inorganic Phosphorus Content in Plasma of Male 
Rats at Different Ages 


Age 

I 

j No. of rats 

1 

Body weight 

Inorganic phosphorus 

days 

15 

15 

gm. 

31.0+ 0.92* 

mg. per 100 cc. plasma 
10.6+0.08 

27 

9 

59.2+ 3.0 

10.9+0.45 

40 

5 

139.4± 0.8 

10.7±0.55 

55 

5 

217.6±18.5 1 

11.4+0.57 

68 

6 

222. 3± 8.3 

8.2±0.34 

73 

6 

253.5+ 9.4 

8.2±0.42 

82 

6 

264.7 + 17.9 

7.8±0.28 

119 

5 

330.0±18.5 

7.7+0.31 


* Mean + standard deviation. 


age. When the animals grow older, the level decreases from 11.4 to 7.7 
mg. per 100 cc. plasma and then becomes constant. 

The effect of hypophysectomy. In confirmation of earlier investi- 
gators, hypophysectomy causes a lowering of inorganic phosphorus 
content in the plasma of rats. It may be seen in Table 2 that the phos- 
phorus concentration changes from 10.7 mg. to 8.1 mg. per 100 cc. 
plasma after the pituitary has been removed for 7 days. The inorganic 
phosphorus level continues to fail but becomes constant at 2 weeks 
postoperative. 

The influence of growth hormone. Male rats were hypophysecto- 
mized at the age of 40 days; intraperitoneal injections of growth hor- 


Table 2. Inorganic Phosphorus Content in Plasma of Hypophysectomized 
Male Rats at Different Postoperative Periods 
40 days old at operation 


Post- 

No. of ' 

Body weight 

Inorganic 

operative 

rats 

Initial 

Final 

phosphorus 

days 


gm. 

gm. 

mg. per 100 cc. 
plasma 

0 

5 

139.4+0.8* 


10.7+0.55 

7 

4 

140.0+6.8 

118.2+ 8.1 

8.1+0.33 • 

14 

26 

138.3+2.9 

115.4+ 3.4 

6.6+0.22 

28 

i 7 

141.2+3.0 

118.6 + 10.0 

5.6+0.20 

42 

i 3 

145.0+6.2 

115.7+ 4.2 

6.9+0.24 


* Mean+standard deviation. 


^ ’ The plasma inorganic phosphorus level of mature female rats was also deter- 
mined and found somewhat lower than that occurring in male rats of similar age. 
From 17 female rats of ages from 91 to 111 days, an average value of 6.5+0.41 mg. 
inorganic phosphorus in 100 cc. plasma was obtained. As shown in Table 1, male rats 
119 days old have 7.7 ±0.31 mg. per cent of plasma inorganic phosphorus. 
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Table 3. Effect of Growth Hormone on Inorganic Phosphorus Content 
IN Plasma of Hypophysectomized Male Rats* 


Daily 


j Body weight 


Inorganic 

dose 


Initial 

Finalf j 

Gain 

phosphorus 

mg. 


gm. 

gm. 

i 

gm. 

mg. per 100 cc. 
plasma 

0.00 

26 

138. 3+2. 9t 

115.4+3.4 ! 

-22.9 

6.6+0.22 

0.05 

5 

144.6±5.3 

152.0+1.5 

7.4 

8.2+0.41 

0.10 

8 

I 145.5+4.1 

150.4+4.6 

3.9 

10.6+0.37 

0.20 

8 

j 134.8+2.6 

146.0+2.6 

11.2 

' 10.3+0.36 


* Rats were operated at 40 days of age; intraperitoneal injections began on the day 
of operation and lasted for 15 days. 

t Final body weights were obtained just before fasting, 
j Mean ± standard deviation. 

mone began on the day of operation and were continued for 15 days. 
Table 3 shows that a daily dose of 0.10 mg. is sufficient to prevent the 
fall of the inorganic phosphorus concentration in the plasma and to 
keep it at a normal level. It is of note that doubling of this daily dose 
does not elevate the phosphorus level above the initial level. However, 
0.05 mg. of the hormone injected daily for 15 days will give a higher 
plasma inorganic phosphorus content than that in the controls. 


Table 4. Effect of Chronic Injection of Growth Hormone on Inorganic 
Phosphorus Content in Plasma op Hypophysectomized Female Rats 


Experi- 

Body weight 

Inorganic 

ment 

Initial 

Final j 

Gain 

phosphorus 


gm. 

gm. 

gm. 

mg. per 100 cc. 
plasma 
5.2+0.41 

Injected* 

68.6+0.54t 

409.6+27.6 

341.0 

Control 1 

1 

66.0+0.50 

1 

103. 6± 6.3 i 

1 

37.6 

2.7+0.20 


* Rats 26 to 28 days of age at operation; 12 days postoperative at the beginning of 
injection; 0.1 mg. daily dose for the first 111 days, 0.2 mg. 270 days, and 0.4 mg. the 
last 22 days. 

t Mean ± standard deviation. 

In another experiment, hypophysectomized female rats were in- 
jected with growth hormone for 437 days; the plasma of these animals 
was analyzed for inorganic phosphorus. Results are summarized in 
Table 4. The control group gained 37.5 gm. having an inorganic phos- 
phorus content of 2.7 mg. per 100 cc. plasma, while the injected ani- 
mals gained 341.0 gm. and the plasma inorganic phosphorus level al- 
most doubled that of the control. 

Since young growing animals have a liigher inorganic phosphorus 
concentration in the plasma and since hj^ophysectomy causes a stop- 
page of bod}*^ growth with an accompanied lowering of the phosphorus 
level, the plasma inorganic phosphorus content may therefore be 
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taken as an indication of growth. The augmenting effect of growth 
hormone is hence to be anticipated. Until the actual significance of 
inorganic phosphorus on the process of growth is known, we offer 
no interpretation for the results herein reported. 

SUMMARY 

The inorganic phosphorus level in the rat plasma is found to 
decrease with age. Hypophj^sectomy causes a decrease of the plasma 
inorganic phosphorus content, while injections with growth hormone 
prevent this fall and even elevate the phosphorus level above that of 
the control. 
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INFLUENCE OF GROWTH AND ADRENOCORTICO- 
TROPIC HORMONES ON THE BODY COMPOSITION 
OF HYPOPHYSECTOMIZED RATS^ 

CHOH HAO LI, MIRIAM E. SIMPSON and HERBERT M. EVANS 

From the Institute of Experimental Biology, University of California 

BERKELEY, CALIFORNIA 
A. THE INFLUENCE OF GROWTH HORjMONE 

The changes in the body composition of animals after treatment 
with pituitary growth extracts have been studied by several investi- 
gators. Both Downs (1930) and Wadehn (1932) obtained accelerated 
growth in mice with a pituitary preparation and found that the treated 
animals contained more*jwater and protein but ''less fat than did the 
controls. Bierring and Nielsen (1932) induced increase in body weight 
in rats by an alkaline anterior pituitary extract and showed that the 
body weight increment was not entirely due to retention of water. 
Using the pair-fed technique, Lee and Schaffer (1934) conclusively 
demonstrated that the growth in rats caused by injection of pituitary 
growth extract is chiefly due to increase in the protein and water 
content and that there is a decrease in fat. Recent studies of Young 
(1945) have confirmed these findings. 

Since all preceding experiments have been carried out with only 
partialb'’ purified growth-promoting extracts, it is naturally difficult 
to decide as to whether such results were due to the growth hormone 
itself or to other contaminating proteins. In addition, earher investi- 
gators did not employ hjqiophysectomized animals. The results ob- 
tained might conceivably have been caused by the influence of the 
injected extract upon the animals’ pituitary. For these reasons, we 
have determined again the chief chemical constituents — water, hpids 
and protein of the carcass of hj'pophysectomized rats treated with the 
pure anterior hj’pophyseal growth hormone as isolated by Li ct al. 
(1945). 

experisiental 

Female rats, 26 days old at hjqjophj^sectomy and 26 dai’s post- 
operative, were restricted to a daily intake of approximately 3.0 gms. 
of food and injected with 0.10 mg. of the growth hormone daily in- 
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traperitoneally for 30 days. Before the animals were autopsied, they 
were fasted for 24 hours. The entire gastrointestinal tract and in- 
ternal organs were removed and discarded. The carcass was weighed 
and frozen in a cold room kept at — 20°C. Moisture was determined 
by drying the frozen carcass in vacuum to constant weight. The 
dried carcass was then ground and the resulting uniform mixture 
was used for the determination of the total Upids and of total nitrogen. 
The fat was extracted thoroughly by means of petroleum ether in a 
Soxhlet apparatus. The ether extract was evaporated and the residue 
dried to constant weight. The weight of the dry residue was taken as 
the measure of the total fat in the tissue. The nitrogen content of the 
carcass was determined by the micro-Kjeldahl method, a factor of 
6.25 being used for conversion into the protein value. 

RESULTS 

As shown in Table 1, the average gain in body weight of 7 treated 
animals was 42.5 gms., whereas that of the 7 controls was only 8.9 
gms. The composition of the carcass is altered by the growth hormone 
treatment. Data in Table 1 indicates that the carcass of the treated 


Table 1. Composition of the Cakcass of Hypophysectomized Female Rats 
Under Restricted Food Intake After Growth Hormone Treatment 
7 animals in each experiment 


Experi- 

Body weight 

Weight per 100 gm. carcass 

ment 

Initial 

Autopsy 

Water 

Fat 

Protein 

Injected* 

Control 

61.6±1.92 

63.7±2.2 

104.1+1.9 

72.6±1.6 

70.32 + 0.68 
( <0.001)’ 
66.58+0.84 

4.44±0.41 

(<0.01) 

9.39+0.96 

19.24+0.39 

(<0.02) 

17.80±0.14 


' Hypophysectomized female rats, 26 to 28 days old at operation and 26 days 
post-operative, were restricted to approximately 3 gms. food intake daily. A daily 
dose of 0.1 mg. growth hormone was used for 30 days. 

’ Mean ± standard deviation. 

^ Fisher’s p values. 

animals contained more water and protein but less fat as compared 
with controls. For instance, the total lipids were reduced from 9.39 
gms. to 4.44 gms. per 100 gms. tissue, while the protein content in- 
creased from 17.80 gms. to 19.24 gms. The retention of water is also 
marked; it changed from 66.58 to 70.32 per cent. These differences in 
the percentage composition of the tissues between injected and con- 
trol rats wer.e all highly significant as analyzed by the statistical 
method of Fisher (1938). 

In another experiment, male rats hypophysectomized at 40 days 
of age were used. Intraperitoneal daily injections of 0.2 mg. growth 
hormone began on the day of operation and continued for 15 days. 
The animals were allowed to eat ad libitum but were fasted 24 hours 
before autopsy. It may be seen in Table 2 that the uninjected (control) 
animals lost 13.4 gms. in body weight while the animals receiving 
growth hormone gained 22.0 gms. The fat content in the carcass of 
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the treated animals was significantly lower than that in the controls : 
the value being 5.70 gms. versus 8.66 gms. per 100 gms. tissue. The 
percentage content of protein is somewhat higher in the treated car- 
cass but not statistically significant. Furthermore, the amount of 


Table 2. Compo.sition op the Carcass or HYroPHVSECTOMizED Male Rats 
After Injections of Growth Hormone 


Experiment ' 

1 

N"o. of ! 

i Body weight 

[ Weight per 100 gm. carcass 

i rats 

1 1 

[ Onset 

1 Autopsy 

1 Water 

Fiit ■ 

1 Protein 

! 

Growth Hormone* i 

' « 1 

i gm. 

' I26.0±1.02 

1 gm. 

14S, 0 + 0.3 1 

70.S5 + 0.30 

5.70 + 0.38 

! I8.70±0.27 

Control j 

12 

125.4 + 1.5 

1 112.0 + 2.9 1 

(<0.00l)* 
66.20 + 0.41 

(<0.01) 

S.66±0.66 

1 (0.20) 
17.72±0.5+ 


‘ ‘ * at 40 days of ace, M'erc injected with 0.20 mg. growth hormone d.ally 

for ^ tion; animals were fasted 24 hours before autopsy. 

3 

water in the treated rats is highly increased. Thus, the results with 
male animals are essentially the same as those obtained with hypophy.s- 
ectomized female rats. 

mscussioN 

One of the characteristic functions of growth hormone is to retain 
nitrogen either in normal rats, in diabetic rats, or in rats with bilateral 
femoral fractures (Li, and Evans, 1947). It has further been shown 
that groAvth hormone causes a decrease of free amino acid in the plasma 
of rats (Li, unpublished data). It seems therefore reasonable to as- 
sume that the bodj'^ growth induced by growth hormone treatment is 
at least partly due to the result of the acceleration of protein synthe- 
sis. The results just presented are in line with this assumption. The 
data show that growth hormone causes a rise in the protein and xuater 
content tvith a lowering of the fat content of the body and it is immaterial 
whether the animals are restricted in food intake or allowed to eat ad 
libitum. In fact. Young (1945) has shown that a restriction in food 
intake exaggerates the changes in body composition which normallj' 
follow pituitarj^ treatment in the rat. 

Since the rapid accumulation of protein is a distinctive pattern 
occurring in the process of growth (Moulton, 1923), there is no doubt 
that the gain in body weight indveed by growth hormone injections repre- 
sents true growth. It is well known that embryonic tissues containing 
high proportion of water and are relatively low in fat; it may be in- 
ferred that the tissue formed by the action of growth hormone is em- 
bryonic in nature. 

Although it is clear that the total fat content of the body i.s re- 
duced as the result of growth hormone injections, the nature of these 
changes remain unknown. The lowering of the fat content by growth 
hormone may reflect only a reduction in neutral fat, for it has been 
.shown (Williams, Galbraith, Kaucher and ^Macy, 1945) that about 90 
per cent of the total fat in rats consists of tiiglyccrides. Since struc- 
tural lipids, such as phospholipid, cholesterol and cerebrocidcs, are 
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essential components of cellular stnicture and since some of these 
lipids are known to increase with, growth (Williams/- Galbraith, 
Kaucher and Macy, 1945; Williams, Galbraith, Kaiicher, Moyer 
Richards and Macy 1945), it may-be anticipated that further studies 
will show that the concentration of “structural” lipids in tissues may 
actually be increased by growth hormone injections. 

B. THE INFLUENCE OF ADRENOCORTICOTROPIC HORMONE 

Evidence has accumulated indicating that adrenocorticotropic 
hormone may be regarded as a specific growth-inhibiting substance 
(Li and Evans, 1947). When it was injected simultaneously with 
growth hormone in h 3 ^poph 3 '-sectomized rats a counteraction exists 
between these two hormones (Marx, Simpson, Li and Evans, 1943). 
Since growth hormone has been shown to cause an increase in the pro- 
tein content and a reduction in the fat in the bodj'- of hypophysecto- 
mized rats, it was of interest to similarly investigate the' body com- 
position of animals after adrenocorticotropic hormone treatment. 

EXPERIMENTAL 

Female rats, hj^pophj^sectomized on 26 days of age and 26, days 
postoperative, were injected intraperitoneally twice daily with a 1.0 
mg. total daily dose of pure adrenocorticotropic hormone for 10 days. 
The animals were restricted to approximately 4.5 gm. of diet dailj'' 
and fasted 24 hours before autopsjL The hormone was prepared bj’- 
the method previously described (Li, Simpson and Evans, 1943). The 
carcass analysis was carried out in the same manner as outlined in the 
growth hormone experiment. 


RESULTS 

The body weight and its chemical composition of experimental 
and control rats are summarized in Table 3. As to be expected, there 
is no essential difference in bodj^ weight between the experimental 
and control groups. The changes in bodj^ composition are due to the 
loss of water and an increase of fat content from S.62 to 11.57 gms. 
per 100 gms. carcass. .The protein content is practically unchanged. 
It may be noted that the changes in fat and water content are statis- . 
tically significant. 


Table 3. Composition of the Carcass of Hypophysectomized Female Hats 
After Injections of Adrenocorticotropic Hormone (ACTH) . 


Experiment 

No of j 

Body 

weight 

Weight per 100 gm. carcass 

j rats 

Onset 

Autopsy 

"Water 

Fat 

Protein 

ACTH* 

0 

gm. 

74.3-1-2.1* 

gm. 

71.3-t-1.7 

64.55±0.52 

11.57±0.61 

10.89±0.32 

Control 

1 

s 

79.6±2.1 

76.5 + 1.5 

(<0.01)> 
67.96 + 0.44 

(<0.01) 

8.62±0.39 

16.73 + 0.43 


* Femnle rats, hypophysectomized on 26 days of age and 26 days postoperative, were injected twice daily 
with 1.0 mg. total daily dose for 10 days; animals were under restricted food intake (approximately 4.5 gm. 
daily) and fasted 24 hours before autopsy. 

* Mean ± standard de\iation. 

5 Fisher’s p values. 
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DISCUSSION 

Since the secretoiy actiinty of the adi’enal cortex enhances protein 
cataboHsm (Li and Evans, 1947; Ingle, 1944). it may not be unrea- 
sonable to expect that the body of adrenocorticotropic hormone treated 
animals would contain less protein. Experiments just reported show 
no change in protein content of the treated rats, although the animals 
definitely deposit more fat. It maj’- be that the carcass contains ac- 
tually less protein but our determinations did not differentiate protein 
from non-protein nitrogen. 

The anal 3 i;ical values recorded in Table 3 clearly demonstrate that 
adrmocorticoirojiic hormone induces a rise in the fat content of the car- 
cass xvith a diminution in the water content. These changes are in con- 
trast with those obtained with growth hormone. In view of the fact 
that adrenocorticotropic hormone is known to be a growth inhibitor, 
these opposite alterations in the bodj’^ composition after treatment 
with these two hormones are not surprising. 

C. SUMMARY 

Hypophysectomized rats, fed a limited quantit}’’ of food, were 
treated with either growth or adrenocorticotropic hormone. Analysis 
of the whole carcass showed that the growth hormone caused an in- 
crease in the protein and water content with a lowering of the fat 
content. On the other hand, the adi-enocorticotropic hormone treat- 
ment resulted in a decrease in the water content and a gain in the fat 
content of the whole body. 
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RENAL EXCRETION OF WATER AND ANTI- 
DIURETIC SUBSTANCES IN PATIENTS 
WITH HEPATIC CIRRHOSIS AND RATS 
WITH DIETARY LIVER INJURY^ 

CHARLES A. HALL, 2 BOY FRAME and VICTOR A. DRILL^ 
From the Department of Pharmacology, Yale University School of Medicine 

NEW HAVEN, CONNECTICUT 

The problem of water retention in liver disease has been ap- 
proached through both clinical and animal studies. In cUnical studies 
Aldersberg and Fox (1943) found an abnormal retention of water 
when water tolerance tests were performed on patients with severe 
parenchymatous liver disease and recent^ Ralli et al. (1945) have 
demonstrated anti diuretic activity in urines from patient.? with hepatic 
cirrhosis and ascites. With respect to animal studies Aldersberg and 
Fox (1943) observed abnormal water tolerance tests in dogs when the 
liver was injured by phosphorus and histamine. Shay, Kolm, and 
Fels (1945) also reported the occurrence of abnormal water tolerance 
tests in rats fed a high fat diet. Leslie and Ralli (1947) have recently 
found that rats fed a high fat-low protein diet showed a decreased 
urine output during water tolerance tests, and they observed that 
the urines from such rats had antidiuretic activity. 

The present study is to report some observations on the antidiuret- 
ic activity of urine from patients with cirrhosis of the liver and ascites 
and to observe the effect of dietary liver injury in rats on water toler- 
ance tests and the excretion of urinaiy antidiuretic material. 

METHODS 

Seven 24 hour collections of urine were obtained from four patients 
with hepatic cirrhosis and ascites, and from four normal subjects. Each 24 
hour urine collection was prepared for antidiuretic assa}^ bj'' the method of 
Ralli et al. (1945). 

The liver injurj" was produced in rats bj”^ dietary means, as follows: Male, 
Sprague-Dawle}'- rats weighing 130-170 grams, were placed on a diet of 16% 
casein, 51% lard, 30% corn starch, 3% salt mixture, and adequate amounts 
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of vitamins A, D and the vitamin B complex for 200 days, as previously de- 
scribed (Hall and Drill, 1948). Groups of 10 animals each received the above 
diet alone or plus supplements of either casein, yeast, liver extract, ventricu- 
lin, methionine, or choline. This diet Avithout the special supplements resulted 
in a marked fatty change and fibrosis in the liver which could be prcA’-ented 
by choline or liver extract (Hall and Drill, 1948). 

While on the high-fat diet (51% fat-Tl6% casein) a 24 hour urine speci- 
men Avas collected from the 10 animals of each group on the 65th and 160th 
daj”^ of the study. During the collection period Avater Avas alloAA^ed ad lihitum, 
but no food Avas giA^en. The urine from each group of 10 rats AA'as prepared for 
assaj' of antidiuretic substance (hereafter referred to as ADS) bj- the same 
method used for the patients’ urines (Ralli et al. 1945). The processed urine 
from each group of 10 rats AA'as adjusted to a final Amlume of 20 cc. for assay. 
Water tolerance tests Avere made on all of the groups of animals after the 51% 
fat diet had been fed for 185 to' 200 da5's. Each group Avas divided into sub- 
groups of three animals each, and tAvo AA'ater tolerance tests AA'ere made on each 
sub-group. 

The rats Avith hepatic injuiy, induced by the 51% fat diet, Avere compared 
Avith normal control animals. The normal control rats received a synthetic 
diet similar in all respects to the high fat diet, except that the amount of fat 
Avas reduced to 6% and the corn starch increased to 75%, the casein content 
remaining at 16%. These control animals received the same treatment in the 
collection of urine for ADS assay and for AA'ater tolerance tests as described 
above the for animals fed the high (51%) fat diet. Such urine collections and 
tolerance tests Avere also made at the same time as those performed on the 
rats receiving the high fat diet. Tavo 24 hour collections of urine Avere also 
made from a group of 10 rats fed a laboratory choAv diet for further com- 
parison of the ADS assaj'. 

Both the human and rat urines A\'ere assa,yed for antidiuretic activity bA' 
the method of Ham and Landis (1942). The urine assays Avere performed on 
stock male rats, Aveighing betAveen 200 and 300 grams, and fed a laboratory 
choAv diet. Food Avas remoA^ed from the cages of the assaA' rats four to fiA'e 
hours before the test, but Avater Avas permitted up to the time of the initial 
hydration. The animals then receiA’^ed an initial hj^dration, 2.5% of body 
Aveight', Avith 0.2% NaCl. Two hours later a second hydrating dose of NaCl, 
equiA'alent to 5% of their body Aveight AA'as administered. The urine extracts 
to be tested Avere injected intraperitonealty, 1 cc. per 100 grams of body 
Aveight, at the time of the second hydration. A group of control rats, simi- 
larly hydrated, receiA'ed the same dose of distilled AA'ater intraperitonealty. 
A second group of control hj'drated rats received 5 milliunits of pituitrin 
per cc. per 100 grams of body AA'eight intraperitoneallA-. Each assay Avas 
performed on groups of three animals, and urine measurements, made eA’ery 
1 5 minutes for 3 hours, AA'ere timed from the second hydration. 

The AA'ater tolerance tests Avere also performed on groups of three animals, 
using tAvo hydrating doses of 0.2% XaCl, as described above. Urine excre- 
tions AA'ere then measured eA-ery 15 minutes for three hours folloAving the 
second hydration. In the Avater tolerance tests normal animals fed the 16% 
casein — 5% fat diet and others fed the laboratory choAv diet serA'ed as controls 
for rats receiving the high-fat diet (16% casein — 51% fat). 

Tlie degree of liA'er injury noted in the table.'^ Avas determined during the 
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experiment by histological study of biopsy specimens, and after 200 days 
b}" both histological studj^ and total fat analyses. 

RESULTS 

The urines from the patients with cirrhosis showed an antidiuretic 
effect while those from normal subjects did not, as illustrated in a typi- 
cal assay in Figure 1. The area under each graph of urine output may 
be measured in square inches. The difference in urine output between 
the water injected controls and animals injected with urine extracts or 


Area Differ- 

in ence 

sq.in. in area 



Fig. 1 . Typical assay of urine extracts for antidiuretic effect. H. I. urine from a patient 

with hepatic cirrhosis and ascites. 

pituitrin may then be recorded, as a difference in square inches, a 
negative value indicating a lesser output of urine, and thus an anti- 
diuretic effect of the injected material. Such assays on the human 
urines are summarized in Table 1. The ADS from the mine of patients 
with cirrhosis has an antidiuretic activity approximating that of 5 
milliunits of pituitrin. 

The urines from the rats fed the high-fat diet had antidiuretic 
activity, but an effect of the same magnitude was also obtained from 
the urines from animals fed the normal fat diet. Further, the antidiu- 
retic effect was not related to the absence, presence or degree of hver 
injury in the different groups. The two urine samples collected from 
the animals fed the laboratorj'- chow diet also showed antidiuretic 
activity (Table 2). The antidiuretic effect of urines from animals on 
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Table 1. Antidiuretic Activity of Human Urine 


Urine 

Test 

H-O control 

Pituitrin 

Urine 

sample 

No. 

in sq. inches 

5 mu 

assay 

Normal subjects 

I 


11.82 

-2,90 

+0.48 

11 


16.43 


-1.68 

III 


13.34 

-7.98 

-1.26 

IV 


14.17 

—6.57 

+1.43 

Patients with cirrhosis and ascites 

I* 

1 

11.82 

-2.90 

-4.54 


2 

12.20 

—5.65 

-2.91 


3 

17.45 

-7.90 

-7.90 

II* 

1 

17.45 

-7.90 

-5.14 


2 

12.60 

-7.26 

-5.06 


n 

O 

13.94 

— 5.59 

-3.10 

III* 

1 

17.40 

—6.45 

-5.80 


2 

17.40 

-6.45 

-6.86 


3 

19.86 

-11.60 

-13.96 

IV* 

1 

14.17 

— 6.57 

-7.72 

V 

1 

17.40 

—6.45 

-4.95 

VI 

1 

17.80 


-3.79 

VII 

1 

17.25 


-4.20 

* Samples 

from the same patient. 




Table 2. Antidioretic -Activity 

OF Rat Urine 


Test No. 

1 

2 3 

4 5 

6 

Urine sample 

65th 

day 

65th 160th 

day day 

160th 

day 


HjO Control 

7.37 

10.58 14.95 

17.09 11.57 

18.35 

Groups with no hepatic disease 

N.F. Diet 
H.F.+Liver E.xt. 
H.F.+Choline 


-7.34 

-8.33 

-4.87 -12,48 

-14.92 
- 8.73 



Groups 

with markedly fatty livers and fibrosis 


II.F. alone 

H.F. + Ventriculin 

+0.84 

-1.44 

-11.91 

-6.45 


Groups ndth intermediate stages of fatty livers 

II.F. + Casein 

H.F. + Yeast 

H.F, + Methionine 

-0.62 

+1.41 

- 9.91 

■ -3.69 -10.10 

-12.49 



Animals on laboratory chow diet 


-5.17 -10.68 


N.F. = normal fat diet (6% fat — ■16% casein). 

II.F. =lugh fat diet (51% fat—;;-10% casein). 

HjO control results expressed in square inches. Other groups arc recorded as dif- 
ference in sq. in. from water control group. 
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both normal and high-fat diets was not significantly altered when the 
nrines were concentrated further or if they were diluted to their origi- 
nal volume of collection, or if the sediment was removed. Dialysis of 
the urines for 24 hrs did not remove the antidiuretic substance. 

The tolerance tests also failed to show any difference in water re- 
tention between those animals on a high-fat diet, even though marked 
hepatic changes were produced, and animals fed a normal-fat diet 
(Table 3). The results in Table 3 are expressed in square inches in- 


Tadi.e .3. Wateu Toi.EnANCio Tk.sts on Rats After 18.5-200 Days of a High 
F'at Diet. Results in Square Inches 


Test No. 1 

2 3 4 

5 

0' 

7 

Mean 

Control, Chow Fed 17.17 

13.83 10.95 12.33 

18.58 

19.42 

15.57 

15.41 

Gi 

■oups with no liver disease 




N.F. 

10.21 


13.85 


15.03 

ILF. -t-Livor Ext. 15.35 

10.80 15.28 15.83 

14 .75 


17.04 

15.84 

ILF. -j-Clioline 12.79 

13.25 14.70 


11,99 


13.18 

Groups with markedly fatty livers 

and fdirosis 



II. F. alone 

10.00 15.22 

18.08 

14.33 


10.22 

II.F. +Ventrieulin 15.04 

12.00 14.41 14.95 

10.41 


12.02 

14.24 

Groups with intermediate stages of fatty livers 

H.F. -1-Casein 12.84 

14.22 14.54 

12.43 

14.20 

15.51 

13.90 

II.F. -1- Yeast 15.90 

13.71 15.49 

13.72 

10.10 

15.94 

15.15 

ri. F. -f- Methionine 1 4 . 53 

14.79 17.10 

12.84 

14.03 

17.07 

15.10 


stead of differences in square inches because the groups on the syn- 
thetic diet were more comparable to one another than to the' animals 
fed the laboratory chow diet. Figure 2 illustrates the urine output in a 
typical assay. It can be seen in Figure 2 that no difference exists be- 
tween the urine output of the groups even if the endpoint is taken as 
the time to excrete 50% of the hydrating volume of fluid. This was 
Irue of all of the tolerance tests. 

DISCUSSION 

The urines from the patients with cirrhosis and ascites had an anti- 
diuretic effect which was comparable to that produced by 5 milli- 
units of pituitrin. This confirms the findings of Ralli e( al. (1945) that 
in the presence of ascites the urines from patients with cirrhosis con- 
tain an antidiuretic substance. This antidiuretic effect was absent in 
the four normal urines that were tested. No attempt was made here 
to observe any correlation between the severity of the cirrhosis or the 
presence or absence of ascites and the antidiuretic potencj'’ of the urine. 
The patients used had advanced cirrhosis and ascites. 

However, the rats with hepatic disease failed to show any abnor- 
mality of water metabolism in response to water tolerance te.sts or 











ff... . * st7T) 

from j. livei-^, 

S /- > " «er„;^''r-»ted 

o^tL ^ ^^boi'a^ 


B-lsil^Oh 

^ sq. 1 ^ 




82 


HALL, FRAME AND DRILL 


■ yolutne 44' 


degree of hepatic injury by the diets used, although functional changes 
maj’^ have talcen place. However, we found normal water tPlerance 
tests in animals that had severe hepatic disease, who, however, were 
not dehydrated prior to the tolerance test. Findings similar to ours 
were obtained by Birnie, Eversole and Gaunt (1948). They noted that 
a high-fat diet did not influence the water diuresis during hydration 
tests. If their animals were dehydrated before the test, they obtained 
some indications in agreement with other workers, that fat-fed ani- 
mals excreted water a little less, readily than controls, but the effect 
was not entirely consistent. 

It appears then that the fluid retention reported in rats may de- 
pend more on the state of hydration than on the presence of liver 
disease alone, but may be a combination of the effects of dehydration 
in the presence of liver disease or an abnormal diet. It is also possible 
that the diets used by Shay, Kolm and Fels (1945) and by Leslie and 
Ralli (1947) may produce somewhat different hver lesions than in the 
present study or may in some waj'- make the animals more sensitive 
to the effects of dehydration. The increased sensitivity of rats with 
liver injury to the effects of dehydration seems to be the more likely 
possibility. As Leslie and Ralli (1947) have pointed out, such rats 
may also show an abnormal renal function as indicated by PSP tests, 
and in the presence of liver injury and/ or dehydration, the renal change 
may be important in such studies of water tolerance and urinary anti- 
diuretic substance. 

SUMMARY 

Urine extracts from patients with hepatic cirrhosis and ascites 
had antidiuretic activity when assayed on rats, whereas similar urine 
extracts from normal subjects were devoid of such activity. - 

Urine extracts prepared from rats with liver damage or without 
li^'er damage all showed antidiuretic activity. No difference in the 
intensity of the antidiuretic effect was noted in the absence .or pres- 
ence of liver injury. 

Nornial water tolerance tests were obtained in rats that had fatty 
and fibrotic livers. The possible relationship of any pretreatment, 
such as dehydration, to the tolerance test in the presence of liver in- 
jury is discussed. 
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ANDROGEN tKETOSTEROID RATIOS 
OF RABBIT URINE' 


C. T. DAVIS, C. R. SLATER and B. KRICHESKY= 

From the Department of Zoology, University of California 
LOS ANGELES CALIFORNIA 

Simultaneous measurements of biologicalb’’ active androgens and 
of 17-ketosteroids have been reported for humans and monkeys. Ac- 
tive androgens account for 30% to 60% of the netural ketonic frac- 
tion of human urine (Bauman and Metzger, 1940) and for about 9% 
to 13% of the same fraction of monkeys’ mine, in terms of androster- 
one (Dorfman et al., 1947). These figures do not represent the actual 
proportions in untreated urine since considerable alteration of the 
original steroids occurs during acid hydrolysis (Venning et al., 1942). 

Urinary 17-ketosteroid levels have been determined for male 
rabbits (lUmeldorf, 1948) and for female rabbits (De Koning et al., 
1948). Metabolites obtained from in vitro incubation of testosterone 
with rabbit fiver slices have been investigated by Clark and Kocha- 
kian (1947) who could isolate neither androsterone nor its isomers 
from the products. 

Studies on other animals show that biologically active androgens 
are excreted in relatively small amounts by the chimpanzee (Fish 
el al., 1941), by the rat and dog (Clark and Kochakian, 1947), and by 
the bull (Hooker, 1937). 

In the present study, the biologically active andi’ogens of male and 
female rabbit urine extracts assayed bj’’ the chick comb method have 
been compared to colorimetric values of 17-ketosteroids in the same 
extracts. 

METHODS 

Three normal male and three normal female rabbits of the New Zealand 
strain were used. Forty-eight hour urine samples were collected over 5 cc. of 
concenti-ated hydrochloric acid, refluxed for seven minutes with concentrated 
hydrochloric acid (15% by volume), e.xtracted with ether. Then the ether 
was washed several times with saturated sodium carbonate, with two nor- 
mal sodium hydroxide, and with distilled water, to obtain the crude neutral 
fraction. This extract either was assaj'ed directly or was treated with Gi- 
rard’s reagent T yielding the neutral ketonic fraction (Pincus, 1945). 

Colorimetric analyses were run on the Beckman DU Spectophotometer 
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Tabi/E 3 . IIBCOVERY OF Anbuostekonb IN IIabbit Urine Extracts 


• 


I7-keto.s- 

17-kct03- 

AndroKcns 

Androuens 

Recovery 

Heco\*er>‘ 

Andros- 


tcfoids in 

tcroids in 

in unspiked 

in Bpiked 

of I7-keto9- 

-Added to 

unspiked 

.spiked 

nliaiiot 

alictuot 

toroids 

tcrone 

rag. 

aliquot 

ms. 

nlinxiot 

mg. 

niR. 

J'lf?. 

% 

% 

3.6 

Neutral ketonic 

5.0 

8.6 

0.03 

3. GO 



103 




0.02 

1.32 



1.4 

Neutral ketonic 

4.J 

5.. 5 


9.1 


fraction 


4.0 

0.01 

1.42 



1.4 

Neutral ketonic 

3.5 


99 


fraction 



0.02 

1.52 



1.4 

Neutral ketonic 

4.1 

5.5 

— 

no 


fraction 


6.0 

0.04 

1.35 



3.1 

Urine before 

2.S 

102 

42 


hydroh-sif 



0.00 

1.07 



3.1 

Urine before 

2.G 

5.5 

04 

34 

3.1 

hydroK*sis 
Urine beforo 

■q 2 

5.7 

0.12 

1.0.5 

S2 

30 


hydroly.-^is 








Since the beta-ketosleroid fraction was not present in detectable 
amounts (Table 4), neither dchydroisoanclrosterone nor isoandroster- 
one apparently are excreted in appreciable quantities by normal rab- 
bits. (Similarly, no digitonin-precipitable ketosteroids were found in 
normal guinea pig urine by Miller and Dorfman, 1945.) 

The proportions of alcoholic and non-alcoholic ketosteroids (Table 
4) do not represent those originally present in the urine since acid 


Table 4. Ai.fua vt Pf-ta, Oil Nos-Oll Kkto.stehoids in Male 
Rabbit Ubise Extracts 


Hobbit's j 
age 

months 

Urine 

Yolunu' 

cc. 

Alplia- 
kctostcroids ' 
mg. 

Bcta-_ 

1 kctostcroitls 

i i 

1 Alcoholic 

1 ketosteroids 
: mg. 

Non-.'ilcoholic 

ketosteroids 

mg. 

7 i 

470 

! 2.9 ' 

; 0 > 

1 




,53'. 

1 2.9 1 

0 i 

i 

. 

? 

525 

’ 

1 I 

i 0.89 

1 0.C3 

12 : 

255 

1 3.2 I 

1 

. 0 1 

— — 

I 

i 

300 

3.0 ! 

! 0 i 



— 

i 

225 

— j 

i “ i 

0.6S 

0.75 

1G j 

470 

2.9 

0 ! 

! 

— - f 

— 

1 

500 

- 2.! 

0 

^ 

— 


400 

— 

— 

0.78 1 

0.66 


hydrolysis cause.? a large coiu'ersion of alcoholic ketosteroids to non- 
alcoholic ketosteroids (Pincus and Pearlman, 1941). 

The exact chemical nature of the neutral 17-ketosteroids excreted 
by rabbits must await their separation and identification. 

SUMMARY 

Low androgenic titers are found in rabbit urine- extracts. In teiffls 
of androsterone, only about 2% of the neutral ketonic fraction (less 
than 1% of female) rabbit urine is biologically active. Recovei.vc^ 
periments and comparative data indicate that the proportion of an 
diogens in untreated rabbits’ urine, while probably considera } 
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Table 1. Androgens and 17-Ketostekoids in Male Rabbit Urine Extracts 


Rabbit’s 

age 

months 

Urine 

volume 

cc. 

Fraction 

Androgens 
ns andro- 
sterone mg. 

17-ketos- 

teroids 

mg. 

% 

androgens 
in e.xtract 

7 

425" • 

Neutral ketonic 


2.4 

1 


450 

Neutral ketonic 


4.3 

1 


155 

Crude neutral 

0.00 

1.4 

0 


480 

Crude neutral 

0.01 

3.6 

0 

12 

160 

Neutral ketonic 


2.8 

3 


240 

Neutral ketonic 


5.8 

2 


95 

Crude neutral 


1.5 

3 


225 

Crude neutral 


4.2 

0 

16 

205 

Neutral ketonic 

0.12 

2.4 

5 


385 

Neutral ketonic 

0.05 

2.8 

2 


290 " 

Crude neutral 

0.01 

3.2 


(Average 






male) 

310 

Neutral ketonic 

0.07 

3.4 

2 


proportion of anj'- androsterone present in the urine would be expected 
to form biologically inactive ketosteroids during hydrolysis and ex- 
traction. (Likewise, Venning et ah in 1942 found that androsterone sul- 
fate is h 3 '^drol 3 ''zed largel}’’ to inactiA''e steroids such as androstenone- 
17.) Accordingly, the proportion of active androgens in raw rabbits’ 
urine is probablj'- higher than that of the urine extracts but still lower 
than the androgenic titer of human urine. As an additional check on 
the techniques, two human urine extracts prepared in the same man- 
ner were tested by the chick comb method and were found to contain 
about nine times as much androgenic activit}’' as the rabbit extracts. 


Table 2. Androgens and 17-Ketosteroids in ♦Female Rabbit Urine Extracts 


Rabbit's 

Urine 


Androgens 

1 17-keto- 

% 

age 

volume 

Fraction 

as andro- 

1 steroids 

androgens 

months 

CC. 


sterone mg. 

1 mg- 

in e.xtract 

5 

340 


-0.05 

2.3 

-2 



Four chromato- 


total before 

-2 



graphed eluates 


chromatog- 

1 





, raphy 

-1 

8 


Neutral ketonic 


4.0 






3.9 






2.8 





0.00 

, 4.7 




Neutral ketonic 

0.03 

4.5 

1 

10 

ISO 

Neutral ketonic 


• 1.4 

3 


375 

Neutral ketonic 


2.8 

I 


1000 

Neutral ketonic 


, 8.0 

0 


390 

Crude neutral 

0.00 

1 2.5 

0 


500 

Crude neutral 

-0.01 

1 3.3 

0 

(Average 




1 


female) 

390 

Neutral ketonic 

0.01 

‘ 4.0 

I 
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Table 3. Recovery of Androsteronb in Rabbit Urine Extracts 


Andros- 

terone 

mg. 

Added to j 

17-ketos- 
teroids in 
unspiked 
aliquot 
mg. 

17-ketos- 
teroids in 
spiked 

1 aliquot 

1 mg. 

Androgens 
in unspiked 
aliquot 

mg. 

Androgens 
in spiked 
aliquot 

mg. 

Recovery 
of 17-ketos- 
teroids 

% 

Recover3' 
of andros- 
terone 

% 

3.6 

Neutral ketonic 
fraction 

5.0 

1 8-6 

0.03 

3.69 

j 

•103 

1.4 

Neutral ketonic 
fraction 

4.1 


0.02 

1.32 

. 

93 

1.4 

Neutral ketonic 
fraction 

3.5 


0.01 

1.42 


99 

1.4 

Neutral ketonic 
fraction 

4.1 


0.02 

1.52 


116 

3.1 

Urine before I 

hydrol^is 
Urine before 
hydrolv^is 
Urine before 
hydrolysis 

2.8 

6.0 1 

0.04 

1.35 

102 

42 

3.1 

2.6 


0.00 

1.07 

94 

34 

3.1 

3.2 


0.12 

1.05 

82 

30 


Since the beta-ketosteroid fraction was not present in detectable 
amounts (Table 4), neither dehydroisoandrosterone nor isoandroster- 
one apparently are excreted in appreciable quantities by normal rab- 
bits. (Similarly, no digitonin-precipitable ketosteroids were found in 
normal guinea pig urine by Miller and Dorfman, 1945.) 

The proportions of alcoholic and non-alcoholic ketosteroids (Table 
4) do not represent those originallj’^ present in the urine since acid 


Table 4. Alpha & Beta, OH & Non-OH Ketosteroids in Male 
Rabbit Urine Extracts 


Rabbit’s 

Urine 

Alpha- 

Beta- 

Alcoholic 

Non-alcoholic 

age 

volume 

ketosteroids 

ketosteroids 

ketosteroids 

ketosteroids 

months 

cc. 

mg. 

mg. 

mg. 

mg. 

7 

470 

2.9 

0 






535 

2.9 

0 

— 

1 


525 

— 

■ 

0.89 

0.63 

12 

255 1 

3.2 

0 






300 

3.6 

0 

— 

I 


225 

— 

— 

0.68 

0.75 

16 

470 

2.9 1 

0 

1 




500 

2.1 i 

0 

— 

— 


400 

j 

— 1 

: 0.78 

0.66 


hydrolysis causes a large conversion of alcoholic ketosteroids to non- 
alcohohc ketosteroids (Pincus and Pearlman, 1941). 

The exact chemical nature of the neutral 17-ketosteroids excreted 
by rabbits must await their separation and identification. 

SUMMARY 

Low andi’ogenic titers are found in rabbit urine, extracts. In terms 
of androsterone, only about 2% of the neutral ketonic fraction (less 
than 1% of female) rabbit urine is biologically active. Recovery ex- 
periments and comparative data indicate that the proportion of an- 
drogens in untreated rabbits’ urine, while probably considerably 
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NOTES ON THE THIRTIETH ANNUAL MEETING 
OF THE ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirtieth Annual Meeting was held in the Palmer House, Chicago, 
Illinois, June 18 and 19, 1948. 

Forty-seven papers were presented and forty-four papers were read bj'- 
title. Total registration was 458, equally di'sdded between members and non- 
members. Two hundred, twenty-two were present at the dinner at which 
the presidential address was given by Doctor C. N. H. Long. 

Actions of general interest taken by the Council are as follows: 

(1) It was the decision of the Council to hold a Postgraduate Assembly in 
Oklahoma City, February 21-26, 1949, similar to the one which was so well 
received in Los Angeles in 1948. 

(2) The Council approved the indexing and publication of Endocrinol- 
ogy, Volumes 1 to 40, inclusive. These will be published by Mr. Charles C 
Thomas, in two editions, one including the indices of Volumes 1 to 25, and 
the other. Volumes 26 to 40. 

(3) It was the Council’s decision to publish the transactions of the 
American Goitre Association. 

(4) The Council accepted with much regret the resignation of Doctor 
Earl T. Engle, Chairman of the Publications Committee, and appointed 
Doctor Warren 0. Nelson to this office. Appreciation was expressed to 
Doctor Engle for his work as chairman of this committee. 

(5) The Committee on Registry of Endocrine Pathology was re-ap- 
pointed to negotiate with the Scientific Director of the American Registry 
of Pathology regarding the formation of an Endocrine Registry at the Army 
Institute of Pathology. A sum not to exceed S750.00 was appropriated for 
necessary expense for one 3 ’'ear. 

(6) It was voted to appropriate 8250.00 for 1949 to the National Society 
for Medical Research. 

(7) Due to increasing cost of labor, paper and all printing materials, and 
the enlargement of the Journals, the dues were increased to 811.00 per j’^ear 
which includes subscription to either of the Journals, with a combination 
offer of 816.00 for both Journals. 

(8) The Council voted that the thirty-first Annual hleeting be held 
June 3 and 4, 1949, in Atlantic City, New Jersej'. 

(9) A list of the 1948-49 Officers, Council and Committees follows: 

Officers 

President John S. L. Browne 

President-Elect Edward A. Doisy 

Vice President James H. Means 

Secretaiy-Treasurer Henrj"^ H. Turner 


Council 


Frank A. Hartman 
Carl R. Moore 
Gregory' Pincus 
C. N. H. Long 
Paul Starr 
Edward A. Dois}' 

Henrj' H, 


Roj' G. Hoskins 
E. Perrj' McCullagh 
Fuller Albright 
Mayo Sole}’ 

John S. L. Browne 
James H. Means 

Turner 
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Publications Committee Awards Committee Nominating Committee 

W. 0. Nelson, Chairman P. E. Smith, Chairman John E. Howard, Chair- 
Roy Hoskins E. C. Kendall man 

E. Perry McCullagh F. D. Lukens E. B. Astwood 

Edward A. Doisy Leo T, Samuels 

Lawson Wilkins 


Committee on Registry of 
Endocrine Pathology 

E. W. Dempsey, Chairman 
Evelyn Anderson 
W. U. Gardner 

Committee on Postgraduate Course 
in Endocrinology 

Henry H. Turner, Chairman 
John S. L. Browne 
Lawson Wilkins 


Membership Committee 

C. N. H. Long, Chairman 
George W. Thorn 
Willard 0. Thompson 

Committee on Nomenclature 

Elmer Sevringhaus, Chairman 
Hans Selye 
Thomas McGavack 


Considtant Committee to Food and Drug Administration 

A. Kenyon, Chairman 
George Sayers 
J. P. Pratt 



ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941 — Dr. Philip E. 
Smith; 1942 — Dr. Fred G. Koch; 1943 — no award was given; 1944 — Dr. E. 
.A.. Doisy; 1945 — Dr. E. C. Kendall; 1946 — Dr. Carl G. Hartman; 1947 — 
Drs. Carl F. and Gerty T. Con; 1948 — Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 

THE CIBA AWARD 

The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood; 1945 — Dr. Jane A. Russel; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If mthin 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowsliip is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship will vaiy 
in accordance with the qualifications of the appointee, but uill not exceed 
$2,500.00 The Committee will, in re^^ewing the proposed program of studj', 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present e\’idence or scientific 
ability as attested by studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed studj'; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. 

Each member has the pri^dlege of making one nomination for each award. 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributions to endocrinolog}’’ and b 3 ' a bibliographj' of the 
nominee’s most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms winch maj' be obtained 
from the Secretarj', Dr. Henry H. Turner, 1200 North Walker Street, Okla- 
homa Citj-, Oklahoma, and returned to him not later than March 15, 1949. 
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NEW BOOK 

General Endocrinology. By C. Donnell Turner. Published bj’’ the W. B. 

Saunders Co., Philadelphia, Pa., 1948. v+604 pp. Price $6.75. 

The concept of internal secretion, classicallj’’ attributed to Claude 
Bernard, has found application in manj’’ physiological situations and has 
been amplified to include a multitude of substances which collectively com- 
prise the chemical regulatoiy system of living organisms. A part of this regu- 
latory system concerns the ductless glands, the studj'' of which is the subject 
material of Endocrinolog 5 L Dr. Turner’s book presents the basic and funda- 
mental information of this latter field. 

The point of view of the biologist rather than that of the physician has 
been emphasized throughout. The effort is to understand how sj’'stems work 
rather than hoAV symptoms develop. Clinical information is not unduly 
slighted, but is placed in perspective with experimental observations and 
used insofar as it is of value in elucidating the waj’^ the endocrine S 3 ’’stem op- 
erates. 

In any such presentation, an author has a hard time drawing the ar- 
bitrary line between the proper hormones and the closely related chemical 
regulators. Dr. Turner is no exception: he has included chapters on the plant 
hormones and the gastrointestinal principles but has treated cavalierl}’’ sub- 
jects such as acetjdcholine, glucose and amino acids. This comment is not 
meant as a criticism, but indicates the difficulty one has in drawing sharp 
lines in endocrinology. 

The author has chosen to present the basic and established facts and does 
not wander too far into the territory of controversial issues. This is un- 
doubtedl}'- a wise choice, particularlj'^ since the book was designed as a text 
for college students in biology and not for the more advanced students in 
professional schools. Nevertheless, the final result is a book somewhat more 
elementary than that ideally designed for medical students and phj'-sicians. 
The elementary student undoubtedly needs facts with which to think, and 
the elementaiy textbook should contain the agreed-upon factual background 
of the subject. For the more sophisticated student, on the other hand, 
training in how to think is advisable and perhaps no better method exists 
than to provide examples of how masters have thought and are thinking 
their way through controversial issues. Admirable as Dr. Turner’s book is, 
it needs to be supplemented by another more advanced account for the more 
mature student. 

These reflections concern matters related to the pedagogy of endocrinol- 
ogy as a Avhole, rather than the present book under review. Dr. Turner has 
defined the scope of his effort accurately and has acquitted himself ex- 
cellently. The book is attractively printed and bound, contains a useful 
index and many informative drawings for which it was written, and it will 
find usefulness in many other areas as well. 
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A TECHNIQUE OF ORGAN CULTURE FOR 
PROTRACTED METABOLISM STUDIES 

N. T. WERTHESSEN 

From The Worcester Foundation for Expcriniental Biology 

SHREWSBURY, MASSACHUSETTS 

and the Department of Physiology 

TUFTS MEDICAL SCHOOL, BOSTON, MASSACHUSETTS 

The development of a perfusion apparatus capable of sustaining 
life and groudh in an excised organ has occasioned much study. Carrel 
and Lindbergh (1938) presented the technique as developed by them 
and their associates at that time. Most recently Long (1946) and An- 
derson and Long (1947) and Hetcher (1948) have shown the value 
of an in Autro study of organ function by this type of technique. 

None of the above workers has been able to state that growth was 
grossly idsible in their preparations. In their discussion Carrel and 
Lindbergh point out that the absence of red cells in the perfusion me- 
dium probably kept their p;reparations from exhibiting full function. 

The work of Anderson and Long has been concerned chiefly with 
shoi't time studies in which growth would be difficult to ascertain. 

Our Avork has dealt with repeated studies on the same isolated 
organ perfused for seA'^eral days. Each single study lasted approxi- 
mately 24 hours. We felt that the data obtained Avould not be of real 
significance unless we could be certain that under the conditions im- 
posed the organ was capable of shoAA’ing growth or healing. We haA^e 
directed the deA'^elopment of the technique toward that end. 

SeA^eral specimens studied haA'^e demonstrated this capacit}" con- 
clusiA’^ely. As part of the study biopsies were made on the 2nd and 3rd 

Received for publication September 22, 1948. 

* Supported in part by grants from; 
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The Donner Foundation. 

The Foundation of Applied Research. 
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American Medical Association Therapeutics Research Committee Grants No. 565 
and 569. 

* Obtainable from Dewej' and Almj’ Chemical Company, Cambridge, Massa- 
chusetts. 
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day of perfusion. Healing of the wound and closure of the biopsy aper- 
ture occurred 72 to 96 hours later. It seemed to us that a description 
of the technique in fairly extensive detail at this stage of develop- 
ment would be of value to other workers. 

DESCRIPTION 

To illustrate the apparatus a working diagram is presented in 
Figure 1. Figures 2 and 3 show the apparatus used for obtaining an 
alternating pressure and vacuum, and Figure 4 illustrates the type of 
cannula employed. 

Since Figure 1 is not to scale the following dimensions of impor- 
tance should be kept in mind. 

1. The Erlenmeyer flasks from which the organ chamber and fluid 
reservoir are made are of 1000 c.c. capacity. 

2. The pyrex tubing used is of heavy wall internal diameter. 

3. The rubber tubing has a bore of with a wall thickness of 
3/16". Only pure gum, autoclavable tubing is employed. 

4. The rubber diaphragm (1) used in the pulsator tube (2) con- 
sists of the neck of a stratosphere balloon.^ The function of the rubber 
diaphragm is solely to separate the perfusion fluid and the pulsating 
air. The apparatus could be operated without the use of the diaphragm 
but then a sterilizing bulb such as Lindbergh employed would have 
to be placed in the pulsating air column. 

5. The valves do not have ground glass contact surfaces. They 
are highly polished to provide firm closure. The high poHsh reduces 
to a minimum the grinding and destruction of red cells. 

6. The "rubber bushings” (3) used are of the "Fenwall” type. One 
closes the pulsator tube (2) and the other the organ chamber. Suffi- 
cient flexibility is provided by the latter to permit the arranging of 
the organ chamber in relation to the organ so that the organ can rest 
on the side of the chamber without undue stretching of the artery. 
The need for such flexibility is found essential in mounts with ex- 
tremely small arteries. If torsion or jamming of the artery over the 
mouth of the cannula occurs, the rate of blood flow with the same acti- 
vating pressure can be reduced as much as 80% of that possible with 
a clear passage. 

7. The tapered joints used on the connector (14) are standard 
taper 10/30. 

8. The organ chamber has been used in many shapes. The tube 
shown is quite generally useful for small organs. For large organs we 
use a chamber from which the large end opposite the cannula has been 
blown out and a ridged rim fashioned around it. An opening large 
enough to insert the hand can be provided when the flask is a 1000 
c.c. Erlenmeyer. These large chambers are closed by fitting a sur- 
geon’s glove over the open end so that the wrist portion fits over the 
rim and the fingers project into the interior. The hand can then be 
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Fig. 1. Schematic diagram showing arrangement of parts of perfusion pump. 
Legend indicating nature of material is applicable throughout diagram except where so 
labeled in pulsator tube portion (2) and at the orifice (13) of the organ chamber. At 
these two points the single fine line indicates the use of a rubber condom or balloon neck 
as a flexible rubber diaphragm. 



112 


WERTHESSEN 


Volume 44 


inserted into the glove and the organ and arteries palpated diu’ing a 
perfusion. 


OPERATION 

As can be seen from Figure 1 the two valves are so arranged that 
the fluids can circulate in only one direction. The lower valve (4) 
serves to prevent fluid from returning to the reservoir on the pressure 
stroke. The upper valve (5) which rises on the pressure stroke, holds 
the residual pressure during the pump’s negative stroke and refilhng 
of the rubber diaphragm. The fluid is forced into the artery through 
the cannula and emerges from the veins of the preparation. 

As the organ chamber and blood reservoir are both at atmospheric 
pressure, the perfusate flows freelj'^ down the walls of the chamber and 
into the duct leading to the fluid reservoir. 

Just prior to entry into the organ chamber the blood passes the 
mouth of the gas entry tube (6). The gas and blood flow down tube 
(7) into the organ chamber. Oxygenation and C 02 removal from the 
fluid occur at this time. The process ip usually complete bj’- the time 
the fluid reaches the well of the fluid reservoir. The gas passes out of 
the chamber through the exit (8). A mixture of 5% CO 2 in Oxygen 
has been found requisite to maintain the pH at 7.2. 

Since small bits of tissue, blood clots, etc. could cause a complete 
stoppage of flow, the blood is Altered in tube (9). The filter is a very 
fine mesh nylon bag. 

The diaphragm chamber has a total volume of about 100 c.c. Of 
this volume about 50 c.c. is occupied by fluid within the diaphragm. 
The total volume of air being compressed is about 1000 c.c. Under 
the conditions of operation about 10 c.c. of fluid passes through the 
organ at each beat under maximum flow conditions and 0.02 at a 
minimum. Therefore, with a varying rate of blood flow the applied 
pressure on the organ can not change appreciably even though the 
change from minimum to maximum occurs within a few minutes. 

The diastolic pressure is maintained by the air trapped at point 
(10). The volume of this air can be adjusted by introducing it with a 
sterile hj'^podermic needle through the rubber closure (11), or by allow- 
ing it to escape past the pinch cock (12). 

The actual pressures are determined by a simple compression de- 
vice inserted through the aperture (13). The de^dce consists of a glass 
tube with a rubber diaphragm tied over one end. Fused to the tube is a 
glass rod which is bent in such fashion that expansion of the dia- 
phragm causes it to push against the rod. The artery is placed be- 
tween the diaphragm and the rod. The artery extending from the 
deAuce to the organ is palpated by inserting fingers through the rubber 
glove previously mentioned as closing the end of the largest chambers. 
Pressure is exerted and measured by the usual sphygnomometer ar- 
rangement. The points of maintained turgor of the artery and the 
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onset of pulsation mark the diastolic and systolic pressure levels 
respectively. These observations, while accurate enough to demon- 
strate the tremendous pressure loss induced b}'- the cannula orifice, 
are too inaccurate for satisfactory study of the flow problems involved. 



Fig. 2. Photograph of mechanical portion of actuating mechanism. 

Efforts are being made to solve the problem of pressure measurement 
bj’^ electrical means. 

BLOOD PRESSURE CONSIDERATIONS 

In the work done pre^’iously blood pressure has often been meas- 
ured in the glass portion of the apparatus. This t3T3e of determination 
was a feature of both the Long and Hechter and the Carrel and Lind- 
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bergh instruments. Under certain circumstances, such as when the 
arteries cannulated are large, this leads to but small error in the de- 
termination. When, however, the rate of flow thru the cannula is large 
so that friction loss is great, and when, as we have found preferable, 
the subsidiary arteries are not ligated, then a determination of the 
pressure anywhere but on the artery ^ relatively meaningless. It is 
ob\dous that under these circumstances that the actuating pressure 
must be very high to maintain 100 mm. of Hg pressure or more in the 
organ. It is for this reason that our apparatus has such a large ca- 
pacity. 

DRIVING MECHANISM 

In Figures 3 and 4 are shown a photograph and diagram of the 
assembled apparatus illustrating the principles of operation. 

This mechanism meets the following specifications ; 

1. It can deliver to the pulsator tube described earher (No. 2 
Figure 1). from 0 to 30 lbs. per sq. in. positive pressure and from 0 to 
5 lbs. negative pressure on the opposite stroke of the piston. 

2. Within requisite lipiits the positive and negative pressures can 
be adjusted independently of one another. 

3. The rate of pulsation can be altered from 1 beat per minute to 
150. 

The amount of compression is regulated by moving the fulcrum 
point (1) Figure 3 along the slot (2) of the rocker arm (3). The amount 
of vacuum can be altered by either of two ways. First, by moving the 
cylinder (4) to a new position relative to the piston (5) . This action 
increases or decreases the amount of ^‘overshoot” of the piston in rela- 
tion to its starting position. Secondly, air can be allowed to escape 
slowly from the system on the compression stroke. When the negative 
pressure on the return stroke equals that of the column of water in 
tube (7) air will again enter the system by bubbling up from the bot- 
tom of tube (8). The vacuum level can be further adjusted by regu- 
lating the height of the water column. 

The apparatus was actuated by a f horsepower motor driving the 
apparatus thru an adjustable gear ratio. The need for the massive 
construction is due to the fact that at 15 lbs. per sq, in. operating 
pressure the total thrust on the piston rod exceeds 400 lbs. 

The handwheels shown in the photograph regulate the position 
of the walking beam fulcrum and the cylinder. Duplication of the 
settings for different experiments is facilitated by dials (not visible in 
photograph) mounted on the hub of the wheel. 

We have found it requisite to use the water column arrangement 
continuously to maintain the setting of the apparatus. The most 
minute leaks will in time permit the loss of much air and so cause a 
drop in the actuating pressure and increment in the vacuum. The sys- 
tem as built works very effectively and its simplicity of construction 
and maintenance is a desirable feature. 
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In our earlier work, befoz;e developed the dri5ang mechanism de- 
scribed above, we emploj'-ed the method described by Carrel and Lind- 
bergh and modified by Hechter. It was found to be adequate for the 
pressures they utilized but could not function adequatelj’' in the range 
which we found necessary for the reasons discussed above. When the 



operating pressure in the fluid line had to be raised to 15 lbs. per sq. 
in. we found difficult}’^ in obtaining surges in the oil vessel of an ade- 
quate intensity to give a sharp pulsation. Furthermore the amount of 
compressed air consumed at these operating pressures was enormous 
and called for ver}’’ hea5"3’' duty compressors as a source of the oper- 
ating pressure. lYhile the initial expense of the apparatus described 
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is higher than that of the mechanical portion of the Carrel Lindbergh 
design or of Hechter’s modification we have found that the greater 
reliability and ease of adjustment at the pressures we utilize makes 
the latter design mandatory for the long term perfusions. 

STERILITY AND MOUNTING OF PREPARATIONS 

Absolute asepsiS; as pointed out by Carrel, is an essential of a suc- 
cessful prolonged perfusion. The elaborateness of the technique for 
prevention of infection must, of necessity, vary from laboratory to 
laboratory and is dependent on the conditions found in each institu- 
tion.2 We have found the use of glass shields between the operator and 
the specimen, a steam filled culture room, liberal application of chlora- 
zene and alcohol to sui-faces and instruments, adequate for success. 
Infections in the animals used as donors for blood and organs have 
proven more of a problem than technical failure. 

As can be seen, the organ and cultui'e fluid are not exposed to con- 
tamination once placed in the pump. If fluid is drained from the res- 
ervoir, the drain point can be sterilized again by washing out the tube 
with cotton soaked in a suitable germicide. Clamping of the tube and 
drying of the cotton prevent infection prior to the next draining. 

New fluids and solutions of specific materials for study can be 
quantitatively introduced by injection through the thick walls of the 
rubber tubing employed. “Ai-terial- venous” differences in concentra- 
tion may be ascertained by withdrawing samples of the perfusing 
fluid at the appropriate points in the cycle. 

The operations involved in setting up the pump vary with the 
different organs and animals used as donors. In general we followed 
the technique described below; 

1. Sodium sulphide is used as a depilatory. The skin is then 
washed thoroughly with hot water and 70% alcohol. Sterile towels 
are draped over those portions of the animal which have not been 
treated with the sulphide. The usual precautions for aseptic surgery 
are then followed. 

2. After excision, the organ is placed in a large petri dish contain- 
ing Tyrodes solution plus 10% by volume of a dextrose and sodium 
citrate solution.^ The citrate solution is added to prevent clotting of 
the blood in the exposed blood vessels. 

3. The cannula is inserted into the artery. 

4. The arteiy is tied on to the cannula with number 00 surgical 

“ Carrel describes an elaborate procedure for asepsis. In our experience such 
elaborateness is requisite in dusty localities such as cities. Conversely in suburban or 
countrj" regions few precautions are requisite. The work described here has been done 
in a suburb of Worcester. In the earlier stages of the development of this technique 
(1937 et seq.) while working in urban communities we too found an elaborate technique 
obligatorj'. 

® Composition = 13.3 grams sodium citrate, 4.7 grams citric acid, and 30 grams 
dextrose, per liter. 
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silk tliread. The loose ends of the tie are brought up over the bulge in 
the cannula which begins at the end of the grinding (Figure 4). 
At this point each end of the thread is tied to the cannula by a clove 
hitch. Tightening of this hitch forces the tie around the arteiy up the 
cannula until it is jammed against the increasing taper. Since the 



Fig. 4. Type of cannula inserted into artery of perfused organ. Manner of tying 
artery in position as described in te.xt is also illustrated. 


clove Mtch knot will not stay tight permanentlj'' on a smooth surface 
the ends of the two tkreads are again passed around the cannula and 
knotted. 

This combination of ties over (1) the tapered portion of the can- 
nula and (2) the bulge makes certain that the arterj' will not slip 
off. The thread running from the bulge to the artery also sen-es as 
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an index of which side of the cannula should remain uppermost. 
While it is easy to see a twist in a large blood vessel, one can not al- 
ways be certain of avoiding this difficulty when small vessels are 
employed. 

5. After cannulation, the artery is flushed with dextrose citrate 
and Tyrodes solution to remove blood. 

6. It is then attached to the connector marked (M) in Figure 1. 

7. The organ is placed in the organ chamber through the mouth 
and the Fenwall stopper snapped into position. 

8. The assembled unit is then carried to the incubator where the 
male joint (15) is inserted into the female (16) and the drain tube (17) 
connected to the blood return tube of the blood reservoir. 

9. By alternately blowing and sucking on the tube leading to the 
compression chamber, the perfusion fluid is forced past the valves 
and up to the base of the air trapped at point (10). 

10. The pump is then started on a pressure stroke. 

We do not find that air emboli constitute a problem. 

Only cannulated vessels of the size of the rabbits' femoral artery 
need to be tied. All the subsidiary arteries can be left open. Naturally 
such “leaks” increase the rate of blood flow so that settling out of the 
red cells does not occur. They also make easy the removal of air from 
the specimen if any is trapped. (In practise they also serve another 
purpose, that of estimation of the blood pressure in the perfusion of 
organs whose arteries are too small to permit palpation.). Obviously 
“hemorrhage” from an artery should squirt out if the blood pressure 
were normal. The height of the squirt is a function of the pressure. 
The fact that squirting occurs does not, of course, reduce the blood 
pressure to those branches of the cannulated artery which lead to the 
tissue being perfused. Connective tissue frequently overgrows these 
open ends, but a touch usually dislodges the overgrowth. 

PERFUSING FLUIDS 

It was found necessary to use red cells to obtain growth. Between 
0.5 and 2 million per c.c. appear adequate. Blood is now drawn from 
the donor animal into a Fenwal flask and kept from clotting by using 
the citrate solution in a ratio of 1 c.c. citrate to 5 c.c. blood. The mix- 
ture is then diluted by half with White’s solution and if clotting does 
not occur, calcium chloride crystals are added until clotting takes 
place. 

The clots which form are broken up by shaking. Filtration of the 
blood through the standard nylon bag arrangement removes the clot 
fragments. The needle at the end of the filtering set-up (see below) is 
inserted into the drain tube from the organ chamber. 'This arrange- 
ment permits the filtering of the perfusing fluid and filling of the fluid 
reservoir at the same time. 

At first we tried to use whole blood after clots had been removed. 
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All too frequen% after several hours (10-12) of perfusion ve found 
the blood beginning to clot again. 

Our attention being at one point turned from animal organs to 
human organs, we were led to the technique finalty de^dsed. The blood 
for these perfusions could most expeditious^ be obtained from a blood 
bank. Such blood contained 25% by volume of the citrate and dex- 
trose solution mentioned pre%’iously. After inducing clot formation 
b 3 ' adding CaCh to 500 c.c. of citrated human blood, 250 c.c. could 
be drawn off. To increase our suppty it seemed expedient to dilute 
the blood and T 3 Todes solution was first emplo 3 "ed. We did not find 
gi'owth in perfusions set up with it as a diluent. 

"iWiite's solution-' (1946) was next used as diluent. It was found 
immediateh’’ that more CaCl. had to be added to such a mixtm-e to 
induce clot fomiation than when Tyrodes had been used as diluent. 
However, once the mixture had clotted no further clots formed during 
a perfusion. It was with this mixture that growth was obtained. Six 
hundred to 700 c.c. of perfusion fluid containing 1 to 2 million red 
cells per c.c. became available after filtering off the clot when 400 c.c. 
of blood was diluted b 3 ’- 500 c.c. of "^^Tiite’s solution and 100 c.c. of 
the dextrose citrate solution. 

Obrfousb’- a solution prorfding less than 50% of the normal col- 
loid osmotic pressure and onl 3 ’- 1 million red cells per c.c. could stand 
improvement. Further work should be done to determine the amount 
of protein requisite to obtain maximum response. Good methods for 
the liberation of red cells from the clot are also needed. 

HANDLING OP THE SOL-UTIONS 

The volume of sterile fluid employed in this technique is far larger 
than is generall 3 ’- used in tissue culture techniques. To expedite the 
process certain methods worth 3 ’- of mention have been worked o\it.. 

We have found that the blood bank equipment designed for the 
“Fenwal S 3 'sfem” is extremeb’^ convenient. This S 3 ’stem conlor.^ 
around the use of a flask with a large mouth. Thru the use of a st opper 
such as we emplo 3 ’- in the pump described earlier, various closures of 
the sterilized flask are available. One of these permits introdiiction and 
removal of fluid b 3 ’- h 3 ^podermic needles. We have found this closure 
extremely helpful. Use of a double needle permits filtration under 
vacuum of Whitens solution when large quantities (500 c.c.) are to 
be filtered. For smaller volumes, the vacuum present in the flask 
after autoclaving suffices. Only p 3 'rex utrafilters are used. 

Since we do not use T 3 Todes solution alone in our work and alwa 3-5 
in an atmosphere of 5% CO; we employ a simplified method of steriii- 

* White’s solution is a. completely synthetic medium capable of maintaiefrx srT:rtL 
of various tissues for 1 to 2 weeks. It contains all the essential amino acids, 
vitamins found requisite by White in his remarkable study. We employ I* 25 
by liiin except that we do not add the phenol red he employs as a pH 
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zation which involves autoclaving of the bicarbonate fraction. Such 
autoclaving is not- ordinary practise as loss of CO 2 and an increment 
in pH results. 

The solution was made up in 3 parts — A, B, and C as listed below.® 
Two test tubes of 20 c.c. volume were placed in the Fenwal flask. 
Into these were pippetted 10 c.c. each of solutions B and C. The 
largest volume (180 c.c.) containing 10 c.c. of A and 170 c.c. H 2 O is 
placed in the body of the flask. 

By keeping the flasks vertical during autoclaving and storage the 
3 solutions are prevented from mixing. Tilting the flask several times 
before use mixes the solutions and a “fresh” solution of Tyrodes is 
available. This method of preparation permits the manufacture and 
storage of the solution in bulk quantities for prolonged periods. This 
is a tremendous advantage as occasionally the changing and washing 
of a pump for a new experiment on an organ involves the use of as 
much as 1 to 1.5 liters of Tyrodes solution. 

Transfer of fluids from containers into the pump is made by the 
use of the drip technique employed in blood transfusions. When the 
mixture of White’s and blood was transferred to the pump a nylon 
filter similar to the one employed in the pump is inserted into the line. 
Such prefiltering reduces the load on the filter in the pump and in- 
creases the time during which the filter can function. 


DAILY ROUTINE OP ORGAN MAINTENANCE 


The fresh perfusion fluid is removed from storage and placed in 
the incubator to reach the proper temperature. 

A sample of the perfusing fluid is removed from the pump by h}'- 
podermic syringe and examined for bacteria. 

If bacteria are seen or suspected 20 milligrams of streptomycin 
and 100,000 units of penicillin are added to the perfusion fluid. Ex- 
perience indicates that in many instances this action stops bacterial 
growth. 

If no bacteria are found the pump is drained, Tyrodes run in and 
pumped thru the organ. Several flushings are made in this fashion 
and the preparation is ready for another experiment. The changeover 
takes about 15 minutes and it is not requisite to interrupt operation 
during that period, altho cessation for a short period permits more 
accurate withdrawal of the perfusate. 

If bacteria are found present the organ is installed in a new pump 
after the surface of the organ has been washed thoroughly with Ty- 
rodes solution containing streptomycin and penicillin. After reinstala- 


^ SohtHon A 10 c.c. 
NaCl 
KCl 
CaCl; 

MgCIo.6H:0 

NaHoPOiHoO 


160.0 grams per liter 

4.0 grams per liter 

4.0 grams per liter 

2.0 grams per liter 

1.0 grams per liter 


Solution B 10 c.c. 
NaHCO^ 20.0 rams per liter 


Solution C 10 c.c. 

Glucose 20.0 grams per liter 
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tion the antibiotics are added to the perfusate and the operation con- 
tinued for 24 hours. ' 

We find that in order to maintain the organs in good condition 
the perfusing fluid ought to be changed every 24 hours. At least 200 
c.c. of medium is requisite to last thi-u this period. 

To those acquainted with Carrel’s work it may appear wasteful 
to change the fluid in the pump every 24 hours. Bbs data indicated 
that the perfusion medium could be used for several days with the pH 
dropping as low as 6.9. We have not 3 '^et had the opportunitj’- to studj^ 
tills in detail, as we were more interested in metabohc studies, than in 
organ sundval under adverse conditions. A 24 hour period of perfu- 
sion was convenient for our work. 

No studies have as j^et been made on the rate of removal of the 
amino acids etc. present in ^^Tiite’s solution. Such work has for the 
present been outside our province. 

The gross changes visible in the circulating medium are, however, 
sufficiently marked to indicate the need for frequent alteration. A 
scum similar in appearance to that seen on infected serum frequentlj’- 
shows up after 24 hours of perfusion in perfectlj’^ sterile preparations. 
At the end of 72 hours of perfusion it is usually found necessary to 
transfer the organ to another pump because of filter blockage and 
inability to wash out the “scum” stuck to the walls of the fluid reser- 
voir. 

In several instances it has been possible to see gross changes 
in the organ when the fluid has been changed, brighter color, better 
blood flow, etc. One remarkable response has been an extreme con- 
traction of the psoas muscle without other stimulation on the 4th 
day of a perfusion. 

Therefore, while we have no concrete eiddence at the moment as 
to the need of frequent change of perfusate, it is our sentinient that 
such work wall provide data indicating the need for addition of food 
material and removal of waste products at frequent intervals. 

OBSERVATIONS ON ORGAN VIABILITY AND NORJIALITY OF FUNCTION 

As mentioned earlier, our primary interest in the development of 
the technique described above has been the fm-therance of the study 
of the metabolism of the steroid hormones. These studies have re- 
ceived our primary attention and we have neglected completelj' to 
make anj'- studies of the protein, glucose, amino acid or ^dtamin 
metabolism under the imposed conditions. 

We have had the problem, however, of validating our findings on 
the steroid hormone metabolism in the sense that experiments done 
on dead or djdng tissue would be of small value in comprehending the 
normal situation. It appeared to us that growth of the organs, par- 
ticularlj" in the cut portions, would be an adequate criterion of success 
in life maintenance. 
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Such growth is difficult if not impossible to describe for publica- 
tion unless periodic, photographs of the organ are taken during the 
experiment. It will not be further elaborated upon here except to point 
out that in several instances where the perfusion has lasted for suffi- 
cient time, almost complete healing of cut surfaces has occurred. In 
one perfusion of a human skin rope graft the connective tissue growth 
in 48 hours was such that at least two cubic centimeters of new tissue 
was formed around the cannulated blood vessel. Since no bleeding 
occurred at that point nourishment of the growing tissue could only 
only have come from a functioning vascular bed. 

We have adopted the practise more recently when working with 
human tissue to remove a portion for section prior to the perfusion 
and comparing it with a specimen obtained at the end of the run. 
This technique is only of value when the experiment is terminated 
without an infection having entered the system. Very short exposures 
to an infection spoil the'experimental specimen. 

Figures 5 and 6, show the histological appearance of a human 
ovary and human muscle before and after perfusion. The muscle 
was fixed after a heavy infection had occurred. Twenty-four hours 


Figure 5 

Control, Human Ovary. Four sections I’epresenting ovary, tube and fibro-fatty tissue. 
The ovary reveals one moderately sized Graffian follicle containing a sroall amount of 
blood and detritus in the lumen. The lining is broken in several places but is made up of 
several layers of large cells arranged in moderately compact fashion. The cells them- 
selves have ovoid to circular nuclei containing a moderate amount of nucleoplasm. The 
cytoplasm is coarsely reticular and in places granular. This represents the theca interna. 
The theca externa shows a layer of fusiform ceils resembling fibfoblasts and having 
elongated fusoid nuclei devoid of definite nucleoplasm. They give the, appearance of 
being compressed because of their form and position. Fibrillae are present but not 
abundant. There is a large network of capillaries in this region. The remaining ovarian 
tissue shows a fair amount of stroma made up of the normal fusiform cells and fibrous 
connective tissue. The blood vessels arc abundant and thick walled. The section of tube 
shows a mucosa which has lost its normal pattern. The interlacing branching formations 
are considerably reduced. Here the formations are thickened with fibrous connective, 
tissue surrounded by low columnar and in places ciliated epithelium. No stratification is 
seen. There are areas which appear to 'be sneered off by the fibrous connective tissue 
preservation and this has greatly reduced the size of the lumen. These sneered off areas 
have large irregular acini-like spaces with broken thin partitions dividing them. The 
remaining tube wall is not remarkable, except for the great number of small thick- 
walled blood vessels and fibro-fatty tissue indicative of old chronic inflammation. 
Exudative cells are absent. 

Experimental, Human Ovary. These sections of ovary show for the most part fairly 
good preservation of normal cellular architecture. There is moderate edema throughout. 
One involuting luteal cyst present. This has a peculiar amorphous architecture with 
columnar and pseudo-columns of large lipoid-laden cells either devoid of nuclei or hav- 
ing small deeply staining irregular nuclei. The cytoplasm when present is for the most 
part reticular or granular. In some of these areas center cores of fibrous connective tis- 
sue can be seen. The sma-ounding tissue is fibrous in character. The remaining ovarian 
tissue shows irregular, for the most part elongated, fusiform and in places wavy nuclei. 
There are many fibrillae but the edema renders the stroma less dense than normal and 
everywhere one encounters small nuclei suggestive of degeneration and necrosis. The 
blood vessels are thick-walled and fairly well preserved. Some contain agglutinated and 
conglutinated blood. Thrombosis is not a prominent feature. 





CoNTUOl, Tissvi; HuMAX Ovary Experimental Tissfn 

Fig. 5. Infection found G hours before taking specimen. Perfused 120 hours. During 
3rd. day of oiicration cannula and organ were blocked by clot formation. This was 
released by forcing Dextrose Citric Acid solution thru organ. Sheep Pituitary Gonado- 
trophin (500 li.l'.) was added to perfusate on dth day, (see table). Several areas of 
ovary showed infarcts on gross examination indicating incomplete perfusion. (Patholo- 
gist’s description of tissue is shown on the facing page.) 


previous to taking the specimen our notations on the latter experi- 
ment indicate a continuing growth of connective tissue. Appended 
to each of the photomicrographs is a description of the tis.^iie as jirC' 
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Control Tissue 


r, •- ■ ;''r. 7- ^ ?,-;•; p ^ ^ .. rr , •%, ■; - ;•■ ■- . ; 


" 7 ;^? ? ?"> >:^rri0 . . p^mrnm-"’: M 


>i.^v-:..i:.^L^'l^ A, -^l=i ^ , 

Perfused Tissue 
Human Muscle 

Fig, 0. Human muscle taken from near tumor site. Heavy infection found in per- 
fusate 12 hours prior to biopsy. Perfused 90 hours. (Pathologist’s description is shown 
on ne.xt page.) 


pared by Dr. Kaneb. The.se descriptions tend to indicate a decrement 
in the \dability and general health of the .specimen after .several days 
perfusion even in the ovary. It must be recognised, however, that in 
each instance the perfusion was halted because of the presence of 
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bacteria in the perfusate. Consequently toxic materials were present. 
Considering, however, that toxins, “anemia,” and inadequate protein 
concentration in the perfusing fluid all tend to reduce the probability 
of viability, it is indeed surprising that the specimens can look as well 
as the ovary shown. 

Physiological evidence of function is available in the response of 
ovaries to gonadotrophin. We have been able to induce ovulation in 
cow and rabbit ovaries by the addition of large amounts of gonado- 
trophin to the perfusate. This has not been observed in human ovaries 
but here an increment in the estrone concentration of the perfusate 
has been seen as shown in Table I. 

Table I 


Total Estrone* Con- 


Ovary 

Extraction 

Days of 
Perfusion 

Gonadotrophin 

Added 

centration in per- 
fusate in micrograms 

Ovary’ 

31 

1 

0 

16 


32 

2 

0 

16 


33 

3 

0 

21 


34 

4 

500 R. U. 

55 


50 

5 

0 

26 

Ovary 

51 

4 

500 R. U. 

36 


53 

5 

0 

26 


These several observations, histological, grossly visible growth and 
healing, functions such as ovulation and response to hormonal stimu- 
lus lead us to assume that our preparations provide a sufficiently nor- 
mal milieu to make the data obtained applicable without too many 
reservations to understanding of the normal processes. 

* Extracted and assayed as reported by Werthesson, Baker and Borci in 1947. 

^ Sections of this ovary shown in Figure 5. 


Figure 6 

Control, Human Muscle. These sections show for the most part skeletal muscle, 
fibro-fatty supporting stroma, nerve tissue and blood vessels. The skeletal muscle 
shows appreciable edema with conspicuous outlining of the indiiidual muscle fibers and 
sarcolemal surrounding sheath. The individual fibers have in the longitudinal axis the 
normal cross striations. The nuclei are peripherally placed, oval and only fairly well 
preserved. In cross section there is appreciable fragmentation of the fibers. The stroma 
likewise shows edema and is made up mainly of loose fibrous connective tissue. Fat is 
not remarkable. Nerve elements are not unusual. Blood vessels are for the most part 
thickwalled and have a narrow lumen. Exudative cells are not present. In an occasional 
field appreciable degeneration is seen so that the cells appear to have lost their normal 
topography and become fragmented and almost homogeneous in appearance. No tumor 
is identified. 

Experimental, Human Muscle. These sections show almost complete necrosis of the 
tissue elements. The transformation is such that the muscle elements are replaced by 
agglutinated and conglutinated blood through which irregular fibrillar streaks are seen 
and an occasional fibroblast is identified. Small blood vessels resembling capillaries lie 
here and there. To one side of these sections one area showing loose fibrous connective 
tissue with fusiform cells and a few round cells can be made out. The last mentioned 
tissue appe.ars ^able but resembles an inflammatory reaction and not neoplasia. 
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While tissue culture techniques have achieved growth of cells and 
in many instances remarkable developments of structure the cited 
experiments are the first in our knowledge wherein growth, repair, 
and function of whole adult organs has been at least partial^ main- 
tained over a period longer than 24 hours. 

There is, therefore, now available the elements of a technique 
which on further development will permit the study of isolated organ 
systems in a close to normal milieu, 

SUMMARY 

A technique for the maintenance of whole organs in a perfusion 
pump has been described. At its present stage of development growth 
of the organ and repair of injuries due to biopsies have been noted. 

The extent of time during winch the organ can be maintained is 
dependent only on the development of an uncontrollable infection. 

The perfusion medium contained erjdhrocjdes. The pump em- 
ployed had a relatively large capacity permitting the circulation of 
the fluid at proper arterial pressm-e without ligation of arterioles. The 
Ifigh flow rate resulting prevented sedimentation of the red cells. 

To the use of erythrocytes in the perfusion medium, the high flow 
rate and maintenance of normal arterial pressure were ascribed the 
ability to observe growth in the preparations. 

The pump as finally developed was of simple construction and per- 
mitted easy access to the perfusion fluid and organ during the course 
of an experiment. 
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■ THE RELATIONSHIP OF TEMPERATURE AND 
INSULIN DOSAGE TO THE RISE IN PLASMA 
AMINO NITROGEN IN THE EVISCERATED 

RAT' 

JANE A. RUSSELL and MARJORIE CAPPIELLO 
From the Department of Physiological Chemistry 
YALE UNIVERSITY SCHOOL OF MEDICINE, NEW HAVEN 

That insulin will depress the rate of accumulation of amino 
acids in the blood of eviscerated rats was reported by Frame and 
Russell (1946) and confirmed by Ingle, Perstrud, and Nezamis 
(1947). However, the results of the latter authors differed from those 
of Frame and Russell in two respects: The rate of increase of the blood 
amino nitrogen content observed bj'- Ingle et al. w’as about one third 
of that reported by Frame and Russell, and the rise was suppressed 
completely by much smaller doses of insulin than those which Frame 
and Russell found to suppress it only partially. Ingle et al. demon- 
strated that these differences were not the result of their having em- 
ployed complete rather than functional evisceration, nor of the use 
of fed instead of fasted rats, nor of hemodi|ution. They suggested that 
possibly the differences could be accounted for by differences in meth- 
ods of chemical analysis, for they had used for the estimation of amino 
nitrogen the ninhydrin-carbon diojnde method of Hamilton and Van- 
Slyke, whereas Frame and Russell had employed the photometric 0 
naphthoquinone method, wliich is less specific. Another difference in 
the techniques used by two groups of investigators was the tempera- 
ture at wliich tile eviscerated rats were kept during the period of 
observation. Ingle et al, kept their animals in a chamber maintained 
at 26°C; under these conditions, the body temperatures of eviscerated 
rats fall in a short time to within a degree or two of that of the ambient 
air. Frame and Russell maintained the body temperatures of their 
animals at about 3S®C. 

It has now been found that the differences in the results of the 
two groups of e.vperiments may be accounted for in large part, or 
perhaps completely, by the differences in body temperatures at which 
the observations were made. A small increase in the body temperature 
of the eviscerated rat will not only increase the glucose tolerance, as 


Received for pubUc.ation October S, 194S. 

' Tlic work reported in this paper wj»s done under a grant from the .\racrican Cancer 
Society on tlie recommendation of the Committee on Growth, National Research 
Council. 


127 



128 


UUSSELL AND CAPPIELLO 


Volume 44 


Ingle noted, but will increase the rate of release of amino acids into 
the blood. The absolute depression of the rise in plasma amino nitro- 
gen by a given dose of insulin at 27° and 38° is of the same order of 
magnitude, but .since the increases without insulin are so much less 
at the lower temperatures, the relative response to insulin here ap- 
jDcars to be greater than at the normal body temperatures. 

METHODS 

AcluH, male white rats 3 to 4 months old and weighing about 350 gm. were 
fasl.ed 18 hours and then functionallj’^ eviscerated under pentobarbital 
anesthesia. In t.his operation the intestinal tract, spleen, and panereas arc 
removed, and the liver, left in situ, is effectively excluded from the circul.a- 
1,ion. The ojicration, which tabes only a few minutes, can be performed with- 
out. preliminary ligat,ion of the vena cava and without any hemorrhage either 
at t.hc time of operation or later. The initial dose of sodium pentobarbital, 
4 mg. per 100 gm. given int.rapcrtloncally 10 to 20 minutes before operation, 
suOiced for continued light anesthesia throughout the experiment. Rectal 
temperatures, deej) w'itiun the pelvis, were measured at. frequent intervals. 
They were maintained at 38 ± 0.5°C by means of lights placed 30 to 40 cm. 
above the animals. In tlic scries in which lower temi^craturcs v'crc desired, 
t.he animals were exposed at a room tcmpcrat,urc of about 24°C; hero the 
body ticmpcral.urcs fell slowly during the interv.al between 1 and 4 hours 
after evisceration from about 30° t,o about 28°C. The rectal t.cmpcratures 
were found at the end of the experiments t.o coincide with those elsewhere 
in the body. 

Cducosc and insulin were given to the animals subcutancouslj’' at hourly 
intervals beginning 15 to 30 minutes after evisceration. Glucose solutioiij 
4 to 18 per cent, in physiological saline, was injected in two portions totaling 
in volume 0.5 ml. per 100 gm. per hour, the insulin (Lilly amorphous or zinc 
cryst alline) also in saline, in a volume of 0.1 ml. per 100 gm. per hour at a 
separate injection site. The amount of glucose given was adjusted to the 
amount, of insulin so tihat. the blood sugar level was maintained within the 
normal range. Animals not. gi\’^cn insulin or given not more than 0.05 units 
per kg. per liour received 20 mg. glucose per 100 gm. per hour; those given 0.1 
unit insulin per kg. per hour required 25 to 30 mg. glucose per 100 gm. per 
hour, 0.25 unit.s, 40 mg. glucose, and 1 unit insulin, 80 to 85 mg. glucose. 
Blood glucose dct.evminat,iona were made at. intervals during and at. the end 
of the periods of observat ion. Analyses Averc made on 0.1 ml. of blood by the 
Nclson-Somogyi method. With the regimens described above, the blood 
sugar conccnt.rat.ions Avere in most cases betAveen 90 and 140 mg. per cent and 
apiicarcd to remain fairly uniform throughout each experiment. 

Estimations of amino nitrogen avci'c made on plasnAa rather than on 
Avholc blood, inasmuch as the high content of amino nit rogen in the red cells 
appears not to change much except, in terminal anoxia. Analyses Averc made 
on 0.2 ml. samples of oxalated plasnia bj' the photometric procedure of Frame ~ 
Russell, and Wilhelmi (1943), as modified by Russell (1944)." In these experi- 


’ For Iho ])repiirnlion of (.ho UinRstic acid filtrates from plasma, the following pro- 
eeduro was used: 0.2 ml. plasma was mixed in fi.O ml. of 0.01 N sulfuric acid, tlipu 0.2 
ml. of 8.0 per coat sodium (ungstatc was added and mixed immedialely. After the mix- 
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ments, observations were made at 1 hour and again at 4 hours after e\dscera- 
tion, and the increases in plasma amino nitrogen occurring during the three 
hour interval compared in the several series of experiments. 

Blood samples were taken from the tail except at the end of the experi- 
ment, when the}" were usualls' drawn from the inferior vena ca^^a. All animals 
were carefullj' obserr^ed during the experiment and at its end, and any show- 
ing any signs of anoxia or hemorrhage, or in which the bod 3 ' temperatures 
wei’e out of the desired range, were discarded. 

Ingle et al. reported much longer sundval after e\dsceration when the 
rats were kept at lower temperatures, this being the reason for their having 
carried out their experiments under these conditions. No attempt was made 
in the present experiments to determine the sundval times of the animals. 
A distinct difference in the conditions of the animals at the higher and lower 
temperatures was observed, however. The animals which were kept warm 
remained in excellent condition throughout the experiments. Those main- 
tained at room temperature frequentlj’^ shivered, exhibited peripheral vaso- 
contriction so that thej' could not be made to bleed from the cut tail, and in 
manj'- cases maj" have been in some degree of shock. Despite the longer 
survival of the cold animals, it maj’" be doubted that their state was as nearly 
normal as that of the rats which were kept warm. 

RESULTS AND DISCUSSION 

A comparison of the rate of rise of the plasma amino nitrogen after 
eAUSceration at 38°C with that at 29°C is shown in Table 1, where it 
may be seen that the increase at the higher body temperature is 
greatly in excess of that at the lower. The temperature coefficient 
would be for the conventional Qio, 2.6 fold; or more exactly, if the slope 
of the line relating the natural logarithm of the plasma amino nitro- 
gen rise to the temperature is calculated, 9.1 ± 0.7 per cent per degree 
centrigrade (see Figure 2). This increase in rate with temperature is 
of the same order of magnitude as that commonly observed for a wide 
variety of chemical reactions and physiological processes and would 
be an expected value for the continuing net enzjonatic breakdown of 
tissue proteins. 

The increase in plasma amino nitrogen in the eviscerated rat at 
SS^C reported here, about 14 mg. per cent in 3 hours, agrees well with 
that observed preAiouslj' by Frame and Russell, about 18 mg. per cent 
in 4 hours. Ingle, et al. found an average increase of whole blood 
amino nitrogen of 5.5 mg. per cent in the first 6 hours after operation 
and 18.5 mgm. per cent in 24 hours, at body temperatures near 27°C. 
These figures would correspond to increases in plasma amino nitrogen 
of about 4.6 and 3.9 mgm. per cent in 3 hours, over the two time in- 
tervals respectively, if the average hematocrit were taken to be 40 

turc had been let stand until settling luad begun, the precipitated proteins were centri- 
fuged off, and duplic.atc 2 ml. portions of the supernatant were used for analysis. With 
the naphthoquinone amino nitrogen method, to obtain quantitative recoverj- of added 
amino acids it is essential to use less tungstate for plasma than is ordinarily used for 
whole blood. 
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per ceritj and if no increase occurred in cell amino nitrogen. These 
figures are to be compared with a mean increase of 5.9 mgm. per cent 
(standard deviation 1.1 mgm. per cent) obtained in 3 hours at 29°C 
in the present experiments. It is clear that the rate of increase in 
amino nitrogen observed here at the lower temperature does not differ 
from the rate observed by Ingle et al. by more than can be accounted 
for by the difference between the expected rates at 27° and 29°. The 
differences in rates previously reported are not the results of differ- 
ences in techniques, but are most probably solely the result of differ- 
ences in the temperatures of the animals during the periods of ob- 
servation. 

In the previous publication the effects on the blood amino nitro- 



Fig. 1. The relationship of insulin dosage to the increase in plasma amino nitrogen 
in the eviscerated rat. 

The average increase without insulin at 38° C. is given with its standard error and 
the standard deviation of the series. The slope of the solid line is that of the regression 
coefficient calculated from the individual points, each taken from a single experiment, 
—4.5 ±0.8. The average values indicated in the lorver part of the figure were recalcu- 
lated from the data of Ingle, Prestrud, and Nezamis. 


I 

gen of only one dose of insulin, 2 units per kg. per hour given intra- 
venously to animals kept at 38°C, was described. Ingle, et al., re- 
ported the effect^s of a range of doses, 0.25 to 16 units per rat (250 gm.) 
per day, or 0.04 to 2,67 units per kg. per hour, in rats kept at 27°C. 
TiTiere at the higher temperature, only partial suppression of the 
amino nitrogen rise was obtained with 2 units per kg., complete sup- 
pression was reported with less than 1 unit per kg. per hour at the 
lower temperature. In Figure 1 is presented a log.-dose response curve 
obtained in animals kept at 38°G, in which increases in plasma amino 
nitrogen are related to doses of insulin from 0.025 to 1.0 unit per kg. 
per hour. For comparison, data taken from the figures of Ingle, et al., 
from animals kept at 27°C, are also presented. The slopes of the 
two lines and the positions with respect to dosage are similar, so 
that the absolute depression of the amino nitrogen rise induced by 
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any given dose of insulin is of the same order at the two temperatures. 
To reach the same degree of repression, such as 50 per cent inhibition, 
however, something like 10 times as much insulin would be required 
at the higher temperatures, and to prevent any increase at all, on the 
order of 25 units per kg. per hour would appear to be required, as 
compared to the 0.67 units observed by Ingle, et al., to be fully effec- 
tive at the lower temperature. 

As shown in Table 1, in confirmation of Ingle, et al., when the ani- 
mals were maintained below 29°C, 1 unit insulin per kg. per hour was 
found to repress nearly completely the increase in amino nitrogen 
which otherwise occurred. This observation indicates again no essen- 
tial difference between the results of Ingle, et al., and those of Frame 
and Russell except those due to temperature. 

From the data summarized in Table 1, curves were constructed 


Table 1. Effect of temperature and insulin on the increase in 

PLASMA AMINO NITROGEN IN EVISCERATED RATS 


Increase in plasma amino nitrogen in 3 hours 
(1st to 4th hour after operation) 

0 


At 29°C 

At SS^C 



No. mg. per cent 

No. 

mg. per cent 



obs. increase 

obs. 

increase 

1. 

No insulin 

7 5.9+0.41* 

11 

13.8+0.49 

2. 

Insulin, 0.1 unit per kg. per hour 


7 

11.010.79 


(amorphous) 




3. 

Insulin, 1 unit per kg. per hour 





a. Amorphous insulin 

7 O.S±0.43 

7 

6.2+0.42 


b. Zn-crystalline insulin free of gly- 


G 

4.5±0.84 


cogenolytic factor 





* Standard error. 


relating the natural logarithm of the amino nitrogen increase to tem- 
perature in the presence of insulin, as well as in its absence (Figure 2). 
Another group of experiments not shown in Table 1 was also included; 
here, when the body temperatures were maintained at 33°C, the aver- 
age increase in plasma amino nitrogen in 3 hours was 1.76 + 0.53 mg. 
per cent. The slope of the line in the presence of insulin was 25.4 + 6.5 
per cent per degree centrigrade, significantly greater than the figure of 
9 per cent seen in the absence of insulin (t = 2.54, with 35 degrees of 
freedom; p<0.02). The Qio in the presence of insulin was approxi- 
mately 7 fold. There is a suggestion here that the presence of insulin 
alters the reactions which limit the rate of protein breakdown. The 
data obtained with insulin are insufficiently exact, however, to allow 
any further characterization of the reactions affected. 

It maj' be noted that although at 3S°C exceedingly large amounts 
of insulin would be required to suppress completely the changes in 
blood amino nitrogen which occur after evisceration, a significant 
degree of depression may be obtained under these conditions with 
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doses of insulin which may be considered physiological. With 0.1 unit 
insulin per kg, per hour, the average difference of the increase in 
amino nitrogen from that seen in untreated animals was —2.8 +0.88 
mg. per cent,^ or about a 20 per cent diminution in rate of release of 
amino acids. The decrease observed with 1 unit of insulin per kg. per 
hour was of the order of 55 per cent (Table 1), 

While the major observations reported here were made over the 



Fig. 2. The relationship of temperature on the rate of increase in plasma amino 
nitrogen in the eviscerated rat. 

Mean values for each point, their standard errors, and the slopes of the lines (K) were 
calculated from the individual figures translated to logarithms. K, given in natural 
log. units, is the fractional increase in rate per "C. from the equation: v=Ac^‘ or In 
v=A'-\-K t, where velocity and f= temperature. (The relationship of K to the 
Arrhenius coefficient or "temperature characteristic," }i, is: K=ii/R T®). 


interval between 1 and 4 hours after evisceration, the effect of insulin 
on the plasma amino nitrogen was in fact observable at an earlier 
time. This may be seen in a comparison of the initial plasma amino 
nitrogen concentrations, determined 1 hour after evisceration and 30 
to 40 minutes after the first administration of insulin. For the con- 
' trols, receiving no insulin, this value was 10.0 ± 0.4 mg, per cent, while 
for the animals given 1 unit of amorphous insulin it was 6,9 ±0.36 mg. 
per cent. 


’ f =3.2, with 16 degrees of freedom; p<.0l. 



February, 1949 INSULIN AND PLASMA AMINO NITROGEN , 133 

A sample of insulin stated to be virtually free of the glycogenolytic 
factor commonly found in insulin preparations^ was also tested for its 
ability to d^iinish the extent of the increase in plasma amino nitrogen 
after evisceration. As shown in Table 1, there was no significant differ- 
ence between the effects of this preparation and those of the usual 
amorphous insulin^ 

SUMMARY 

The amino nitrogen content of the plasma of eviscerated rats 
maintained at 38°C increased an average of 14 mgm. per cent in 3 
hours (between the 1st and 4th hours after operation). 'i^Tien the body 
temperatures of the rats were kept at about 29°C, the increase was 
reduced to 6 mgm. per cent. The calculated change in the rate of in- 
crease was then -f 9 per cent per °C increase in temperature. These 
figures indicate no essential difference between the results previously 
published by Frame and Russell and by Ingle, Prestrud and Nazemis, 
except those due to differences in the temperatures of the animals in 
the two series of experiments. 

In eviscerated rats with body temperatures at 38°C, 1 unit of in- 
sulin per kg. per hour depressed the rate of increase in plasma amino 
nitrogen about 55 per cent, and 0.1 unit about 20 per cent. A log.- 
dose response curve relating insulin dosage to the increase in plasma 
nitrogen at 38°C is presented. At 29°C, 1 unit of insulin per kg. per 
kg. per hour prevented nearly completely the usual increase in plasma 
amino nitrogen. From 10 to 50 times as much insulin appear to be 
required to obtain the same relative effect on the plasma amino nitro- 
gen at body temperatiu-es of 38‘’C as at temperatures below 30°C. 

Insulin freed of the pancreatic glycogenolytic factor was equally 
as effective as ordinary insulin in inhibiting the release of amino acids 
from the tissues. 
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INTRODUCTION 

The release of ovulating hormone in the chicken (as well as in 
certain other spontaneously ovulating forms) may be conceived of as 
taking place either as an instantaneous discharge from the pituitary, 
or as a slow discharge over a period of one to several hours. Although 
we are inclined to the view that release in the chicken is more of an 
instantaneous than a slow discharge, we are unable to say now that it 
takes place definitely in one way or the other. Because of this, the 
term release in this and the accompanying paper (Rothchild and Fraps 
1949) is used with certain reservations. By it is meant that point in 
the process of ovulation at which an amount of ovulating hormone 
adequate to cause ovulation is present in the blood stream, regardless 
of whether this amount left the pituitary immediately or over a period 
of some hours before. 

Data on the time of release of ovulating hormone in the chicken 
are important, for the following reason. Enough information has been 
accumulated about the reproductive cycle in the chicken (Atwood, 
1929; Warren and Scott, 1935; Phillips and Warren, 1937; Heywang, 
1938; AVarren and Scott, 1936; Byerly and Moore, 1941; McNally, 
1946; Fraps, Neher, and Rothchild, 1947) to show an obvious rela- 
tionship between daily cyclic changes in certain environmental factors 
and the characteristic rhythms of ovulation and lajL Inasmuch as 
there is a relationship between time of ovulation and environmental 
factors, the influence of the latter must undoubtedly be greater on 
the beginning of the process, i.e., release of ovulating hormone, than 
on the end of it, o^allation itself. Knowledge of the time of release, 
even partial knowledge, is thus helpful in the interpretation of the 
role that environmental factors play in the control or modification of 
the chicken’s reproductive cycle. 


Received for publication October 15, 1948. 

* This study is an enlargement of a preliminary one reported on at the 43rd annual, 
meeting of the American Society of Zoologists (Rothchild, 1946). It is part of a study 
on the nature of the pituitary control over the processes of follicular maturation and 
ovulation in the domestic hen. 
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The main features of the ovulation end larking cycles. (The authors cited in 
the preceding paragraph should be referred to for details.) The most obvious 
general feature of the reproductive cycle is the lay of eggs on successive days, 
each egg being laid at a successivelj’’ later hour on each daj" than the one 
preceding it. The whole sequence of -eggs is called a clutch. The initial egg of 
the clutch is usually laid before noon, the majoritj’- of successive intra-clutch 
eggs close to noon, while the terminal egg of the clutch is laid late in the 
afternoon. On the second day following that on which the terminal egg was 
laid, an egg laid comparativelj" early in the day initiates a new clutch. 
Clutches may vary in length from one to more than a dozen eggs, but in 
general, clutches of the same length follow one another in any particular bii’d. 

The ovulation of each egg antedates its time of lay b}" an interrml of 
roughly 24 to 28 hours. Successive ovulations (Cb ovulations) within a clutch, 
including the terminal ovulation (Ct ovulation), occur within an hour (ave- 
rage 30 minutes) following lay of the preceding egg. The initial oblation 
(Cl ovulation) of a clutch, however, always occurs at a comparativelj’ early 
hour of the daj’’ (about 5:00 a.m.), about 18 hours or 18 hours plus some 
multiple of 24 hours following the laj”^ of the terminal egg of the preceding 
clutch. 

METHODS AND MATERIALS 

Basis of the experimental procedure used. Hjqjophj'sectomj’’ was 
performed at various intervals before an expected ovulation. If the 
expected ovulation actually occurred follondng the operation, it was 
assumed that release of the ovulating hormone had taken place at 
some time prior to the operation; conversely, if it did not occur, the 
assumption was that the complete release of hormone, or release of an 
amount adequate for ovulation, was expected at some time after the 
time of operation. The intervals between hypophysectomy and actual 
or expected ovulation were then calculated, and the relationship be- 
tween these intervals and the percentage of birds ovulating wms used 
as the basis for estimating the interval between assumed time of re- 
lease of hormone and ovulation. A possible alternative interpretation 
of the results obtained by tliis method is given in the discussion of the 
paper accompanjdng this one (Rothchild and Traps, 1949). 

Determination of actual or expected ovulation time. Time of actual 
04mlation was estimated from the position of the resultant egg in the 
oviduct at the time of autopsjL For eggs found in the magnum or 
isthmus of the oviduct, a cur4’e relating proportion of the o\dduct 
traveled to time after ovulatioir was used (Wan-en and Scott, 1935; 
unpublished data from this laboratoiy)- For eggs found in the uterus, 
a curve relating increase in weight of the albumen to time in the uterus 
was used (Burmeister, 1940). For eggs found broken in the body 
cavity, the same procedure was used that served to estimate the time 
of expected ovulation in the birds that failed to ovulate. 

Time of expected Ci o-\mlation in birds that failed to ovulate was 
estimated by means of an average interval between 05aiIation and 
oviposition of the Ci egg. This interval varies as follows in relation to 
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clutch length: 1 egg clutches — 29 hours; 2 egg clutches — 27.5 hours; 
clutches of 3 eggs or more — 27 hours (unpublished data from this 
laboratory). In the series of birds used' in this study, the expected 
time of oviposition of the egg that failed to ovulate was assumed to 
be the same as the time of oviposition of the last Ci egg that was ac- 
tually laid; the time of expected ovulation was then determined by 
subtraction of the appropriate ovulation-ovipositipn interval from 
this time of estimated oviposition. An example may serve to clarify 
this. A bird that had just laid out a 3 egg clutch was hypophysecto- 
mi^ed at 10:00 p.m. following the lay of the last egg of the clutch, 
and on autopsy the next day was found to have failed to ovulate. The 
time of the lay of the first egg of the clutch that preceded hypophysec- 
tomj^ was 8:00 a.m. The time of expected lay of the first egg of the 
succeeding clutch, whose ovulation had been prevented by hypophy- 
sectomy, was therefore assumed to be 8:00 a.m. Since the last clutch 
was 3 eggs in length, 27 hours were subtracted from 8: 00 a.m. giving 
a time of expected ovulation of 5:00 a.m. 

A simpler procedure was used to estimate the time of expected 
ovulation of Ca follicles that failed to ovulate. A Ca ovulation, as 
mentioned above, follows a preceding oviposition by an average in- 
terval of 30 minutes. The time of expected ovulation was therefore 
taken as 30 minutes from either a) the actual time of lay of the ovi- 
ducal egg present at the time of hypophysectomj’- in those birds that 
laid the oviducal egg at the expected normal time, or b) the time of 
expected normal lay of the oviducal egg in those birds that showed a 
delay or other alteration from the normal in the lay of this egg (as 
some birds do following hypophysectomy — Rothchild, 1946). 

General 'procedures and materials. The birds were regularly laying 
adults less than 2 years old, of the Rhode Island Red and \\Tiite Leg- 
horn breeds mainly, but with a few crossbreds included. They were 
maintained in individual cages in laying batteries on a 14 hour light 
day (onset of light at 6:00 a.m. EST), and allowed ad libitum access 
to a standard laying mash and water. The laying record preceding 
hjTDophysectomy was known for each bird used, since egg collections 
are recorded on the hour every hour from 8:00 a.m. to 4:00 p.m. and 
once again at 8:00 p.m. daily, as a routine laboratory procedure. 

Each bird was allowed to remain undisturbed in its cage until the 
actual time of operation. Hypophysectomy was performed in the ma- 
jority of cases by the transbuccal method described by Hill and Parkes 
(1934) and in the remainder by a modification of this technique de- 
veloped by one of us (Rothchild, 1948). Following operation, which 
in no case required more than 15 minutes, and in almost all less than 
10 minutes, the birds were returned to their cages under exactly the 
same conditions that prevailed before operation. Autopsies were per- 
formed 4 to 16 hours after hypophysectom}^ the time of autopsy for 
each bird being such as to permit the optimum interval to elapse after 
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the time of expected ovulation in those bu-ds that had apparently 
failed to ovulate and a minimum interval after oimlation in those 
birds that ovulated. 

Birds found at autopsj'- to have been incompletely hj'pophysec- 
tomized were not included in the results if ovulation had occurred, 
but were included if oimlation had failed. 

Preliminary runs demonstrated that failure of Ci owlation was 
uniform when hj^iophysectomy was performed before 10:00 p.m., but 
that almost all expected Ci ovulations occurred when hypophysec- 
tomj’- took place after 2:00 a.m. All the data on the effect of hj^iophy- 
sectomy on the expected Ci ovulation, therefore, were gathered from 
birds operated on between 10:00 p.m. and 2:00 a.m. In the birds hy- 
pophysectomized before an expected Cs oimlation, the information 
gained from the studies on the Ci ovulation served as a basis for ad- 
justing the time of operation to each bird’s expected time of ovulation, 
in order to obtain intervals between hj^jophysectomy and expected 
o^mlation that were comparable with those in the Ci group. 

The results are presented in terms of the interval from hypoph}”-- 
sectomj’' to actual or expected ovulation. To show them as simply but 
as accurately as possible, the birds were diAuded into three general 
groups: those showing (1) intervals of 4 hours or less; (2) intervals of 
more than 4 hours but less than 6 hours; and (3) intervals of 6 hours 
or more. The average interval in each group was calculated for the 
total group, and for the o\mlating and non-ovulating birds within 
the group. (The average intervals shown for each group of birds in 
Tables 1 and 2 are valid cross-sections of each group, since the ovulat- 
ing and nono'i'ulating birds in each group showed almost identical 
average intervals.) 

HESULTS 

Hypophyseciomy before an expected Ci ovulation. The pituitaries 
were removed from 119 birds between 10:00 p.m. and 2:00 a.m. With 
the exception of 2 birds, the times of actual ovulation ranged from 
3:00 A.M. to 6:46 a.m. and times of expected ovulation in the non- 
ovulating birds from 4:00 a.m. to 9:20 a.m. The two exceptions noted 
apparently OAUilated at 1:30 a.m. and 12:00 noon, respectively. In- 
tervals between hypophysectomj' and actual or e.xpected o4’ulation 
ranged from 10.5 hours in the bird ovulating at noon to 2.0 hours in 
the bird ovulating at 1:30 a.m. Except for these two birds, the range 
was from 9.33 hours to 3.0 hours. 

The relationship between the percentage of birds ovulating and the 
interval from h 5 T 3 ophysectom 3 ’‘ to actual or e.xpected ovulation is 
shown in Table 1. These results indicate that the most frequent inter- 
val between apparent release of hormone and ovulation is between 4 
and 6 hours. 

Hypophyscctomy before an expected C, ovulation. The pituitaries 
were removed from 41 birds between 2:45 a.m. and 6:30 a.m. Times 
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Table. 1. — Relation between the interval from hypophysectomy to actdal or 

EXPECTED OVULATION AND THE PERCENTAGE OF BIRDS OVULATING (SEE TEXT). 


Interval: Hypophysectomy to 
actual or expected o^’^^lations 

Total number 
of birds 

1 

Birds o^uilating 

Range ' 

1 

Average 

Number 

Per cent 

c. 

ovulations 

1 Cs 

jovulations 

' Cl 

ovulations 

1 

Ca 

ovulations 

Cl 

ovulations 

Ca 

o\ailations 

C. 

OTOlations 

Cs 

o\’ulations 

(hours) 

(hours) 


■■ 


1 



2.0- 4.0 

3.3 

3.5 

10 


10 

9 

100 

• 82 

4.2- 5.8 

5.0 

5.1 

35 


21 

7 

CO 

58 

G. 0-10. 5 

7.2 

7.3 

74 

■i 

13 

4 

18 

22 


of actual oAUilation ranged from 7:10 a.m. to 11:25 a.m. and times of 
expected ovulation in the non-o\uilating birds from 8:30 a.m. to 
12:30 p.M. The intervals between hypophysectomy and actual or 
expected ovulation ranged from 8.5 to 2.7 hours. The relationship 
between the percentage of birds ovulating and the interval between 
hypophysectomy and actual or expected o^'ulation is also shown in 
Table 1. There is e\ddently no appreciable difference between Ci and 
Cb ovulations in regard to the Interval between release of hormone 
and ovulation. 

Of the 41 bu'ds in the Ca ovulation group, 25 were expected to 
ovulate the terminal member of the clutch. The intervals from hy- 
pophysectomy to actual or expected Imninal ovulations were com- 
pared with the intervals from hypophj’-sectomy to all other actual or 
expected Cb ovulations. The numbers of birds falling into either 


Table 2. Comparison of the relationship between the percentage of birds 

OVULATING and THE INTERVAL FROM HYPOPHYSECTOMY TO ACTUAL OR 
EXPECTED terminal or inlraclutch ovulation. 


Interval: Hypophysectomy to 
actual or expected o\’ulalion 

Total number 
of birds 

Birds ovulating 

Range 

Average 

Number 

Per cent 

terminal 

ovulations 

intraclutoh 

1 ovulations 

terminal j 
ovulations ' 

intraclulch 

ovulations 

terminal 

ovulations 

intraclutchj 
ovulations ! 

terminal 
ovulations ' 

intraclutch 

ovulations 

(hours) 

2. 7-5.0 

5. 6-8. 5 

1 

(hours) 
4.0 ' 

6.76 


9 

16 - 

1 

8 

8 

6 

4 

8 

O 

68 

25 

H 


group were not very large and therefore only two ranges of intervals 
were used: those of 5 hours or less, and those of more than 5 hours. 
The results are shown in Table 2. 

They indicate a possibility (no more than slight, considering the 
number of birds involved) that if anything, the interval from release 
of hormone to a terminal ovulation is shghtly less than it is for all 
other ovulations in the clutch. 
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DISCUSSION 

The results presented in this paper demonstrate fairly well that the 
interval between release of ovulating hormone and o%’Tilation is prac- 
tically the same for all members of a clutch. The successively later 
hours at which oiuilations occur within a clutch are thus traceable to 
successively later releases of ovulating hormone. Thus, since ovulations 
occur only within a circumscribed portion of the solar day, the releases 
of hormone must occur within an equally circumscribed period of time. 
The question of why releases of ovulating hormone occur only within 
certain time limits resolves itself into thi-ee interdependent questions, 
namely — what changes in the environment and in the animal body 
are associated with the stimulus that leads to the earliest release of 
ovulating hormone? ViTiat changes occur each day that lead to re- 
leases of the ovulating hormone at successively later hours each day? 
And, what changes in the environment and in the animal body are 
associated with the failure or prevention of a release on the day of 
oviposition of the terminal egg of the clutch? 

These questions are raised, not because thej'' can be answered 
now, but in order to define in clear terms the problem we are faced 
with — that of determining the nature of the relationship between the 
emdronment in which the chicken lives, and its reproductive behavior. 
The first steps in this direction were made by the authors cited above. 
The present study is an additional step forward but no means a large 
one. From other work (Fraps, Neher and Rothchild, 1947) taken to- 
gether with this one, we now know that the general limits of time witliin 
which the releases of hormone occur approximate those in which the 
dark hours or periods of non-feeding occur, and in which the bods" 
temperatm-e of the chicken is in general below the daily a^verage and 
probably restricted to the ascending portion of the bodj" temperature 
curve. But to define more exactly the temporal boundaries between 
earliest and latest possible time of release of ovulating hormone, it is 
necessary to know the extent to wliich the method used here measures 
the actual time of release of ovulating hormone. This point is taken 
up briefly in the discussion of the paper accompanjung this one, 
(Rothchild and Fraps, 1949). 


SUMMARY 

Mature, regularly lajdng domestic hens were hjqiophysectomized 
at intervals ranging from 10 hours to 2 hours before an expected 
ovulation. The expected oAuilation in 119 cases was that of an initial 
member of a clutch, and in 41 cases was that of an intraclutch or ter- 
minal member. It was found that the percentage of birds oimlating 
the expected ovum increased with the decrease in the interval from 
hypophj’sectom}' to actual or expected o\'ulation, and that the most 
frequent interval between apparent release and OAUilation was of the 
order of 4 to 6 hours, and was not related to position in the clutch. 
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THE INDUCTION OF O^TJLATING HORMONE 
RELEASE FROM THE PITUITARY OF THE 
DOMESTIC HEN BY MEANS OF 
PROGESTERONE' 

, IRVING ROTHCHILD= and R. M. FRAPS 
From the Bureau of Animal Indu&try, United States Department of Agriculture 

BELTSVILLE, MARYLAND 
INTRODUCTION 

The induction of oinilation in the hen by means of progesterone 
was first noted by Fraps and Dury (1943). Later, unpublished experi- 
ments of Fraps and his coworkers indicated that the probable cite of 
action of this hormone was the bird’s own pituitary. These experi- 
ments showed (1) that the ovarian follicles of hens that had been 
treated with pregnant mare’s serum could not be ovulated with proges- 
terone, but were capable of being ovulated with luteinizing pituitary 
substances ; and (2) that the pituitaries of these hens treated with preg- 
nant mare’s serum were considerably lower in omlating potency 
than the pituitaries of normal la3dng hens. 

The present studies were undertaken to determine as conclusivelj'- 
as possible whether or not progesterone induced a release^ of ovulat- 
ing hormone from the pituitaiy of the treated hen, and to what extent 
this release resembled the natural one. Because of the well known oimla- 
tion-inhibiting effect of progesterone in mammals, the question of 
progesterone inhibition of omlation in chickens was also considered 
briefljL 

METHODS AND MATERIALS 

The ovulation and egg-laying pattern of the domestic hen is described in 
sufficient detail in the first paper in this series (Rothchild and Fraps, 1949), 
for an understanding of the plan of these experiments. The test ovarian 
follicle in all the birds used in this study was the Ci or first follicle of an on- 
coming clutch. This follicle ovulates normal^ at about 5:00 a.m. under the 
conditions in this laboratorj’^, but injections of progesterone at any time after 
about 1:00 p.m. on the day preceding its expected ovulation induce it to 


Received for publication October 15, 1948. 

’ .4 preliminary report of those studies was made at the 31st .annual meeting of the 
-tmcrican Physiologic.al Society (Rothchild and Fraps, 1947). 

* Present address; Department of Physiologj’, University of Marjdand School of 
Medicine, Baltimore, Md. 

’ Sec introduction to first paper in this scries (Rothchild and Fraps, 1949) for 
limitations on the use of this term. 
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ovulate at an average interval of 9.0 hours from the time of injection (see 
below). The normal ovulation of this follicle can be prevented uniformly bj'- 
h 3 "poph 3 "sectom 5 ’' carried out at 10:00 p.m. (Rothchild and Fraps 1949) or 
earlier on the daj'^ preceding its expected ovulation. In the present studies, 
except where otherwise noted, all injections took place between 1:00 p.m. 
and 7:30 p.m. and all operations (complete or sham hypoph 5 ’-sectomies) 
between 2:20 p.m. and 10:00 p.m. on the daj'’ preceding the expected Ci 
ovulation. 

Progesterone was dissolved in prop 3 dene gh’^col at a concentration of 

10.0 mg./ml. for intravenous use, and in corn oil at a concentration of either 

10.0 mg./ml. or 12.5 mg./ml. for subcutaneous use. 

The pituitary material used was a preparation of male chicken anterior 
pituitaries, frozen immediatel 5 '’ after collection and dried on the same daj’’ bj'’ 
pressing them out on glass plates, and exposing the plates to a current of 
warm air. The dried powdered material was stored in a desiccator over 
CaClj. For use -it Avas taken up in distilled water and injected intravenousl}'' 
in a volume of 0.10 to 0.20 ml. per bird (0.5 mg./ml. or 1.0 mg./ml.). 

The operative technique used was h 3 '■poph 3 ’■sectom 3 ^ It Avas performed in 
most cases by the transbuccal method described in detail b 3 ’- Hill and Parkes 
(1934). A modification of this technique developed b 3 ’’ one of us (Rothchild, 
1948) Avas used on a small number of birds added after the main features of 
the stud 3 ’- had been carried out Avith the older method. Sham h 3 ’'poph 3 '’secto- 
m 3 '- consisted of ever 3 ^ step of the transbuccal operation except the removal of 
the pituitary. 

Autopsies, except where othei’Avise noted, took place Avithin 10 to 18 hours 
from the time of h 3 ’■poph 3 '■sectom 3 ^ The occurrence and time of actual OAUila- 
tion AA’’ere determined as described before (Rothchild and Fraps, 1949)', the 
Burmeister (1940) curve"* being used in the majority of cases. Time of ex- 
pected oAmlation in the non-ovulating birds and in the ovulating birds in 
AA^hich the yolk was found broken in the bod3’' cavit3^ Avas estimated to be 

9.0 hours from the time of injection of progesterone, since this Avas the aA'^er- 
age interval (range: 6.0-11.3 hours; most frequent interval: 8.0-10.0 hours) 
betAveen injection and ovulation^ 

Incompletely hypoph 3 "sectomized birds were excluded from the results 
if ovulation occurred, but Avere included if OAuilation had failed. 

Breeds, ages and conditions of maintenance Avere the same as described 
in the first paper of this series (Rothchild and Fraps, 1949). 

EXPERIMENTS AND RESULTS 

Experiments 1, 2 and 3 deal Avith the mechanism of the ovulation- 
inducing action of progesterone in the domestic hen; experiment 4 
Avith the OAOilgtion-inhibiting action of progesterone. 

Experiment 1 was set up to detei'mine Avhether progesterone Avould 
induce ovulation in the absence of the pituitary. The plan and results 

* Use of the Burmeister curve would presumably involve a greater error in deter- 
mination of OAmlation time than the use of the method involving the location of the egg 
in the magnum. However, in 12 control birds, ovulation, time as determined by the 
latter method averaged 8.33 hours from time of injection of progesterone — a value 
which is certainly of the same order as that determined bj' means of the Burmeister 
curve. 
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of the experiment are presented in Table 1. These demonstrated very 
clearly that the absence of the pituitary completely abolished the 
ovulation-inducing action of progesterone. 

Table 1. Failure of progesterone to induce ovulation in the hypophvsectomized 
HEN. The ovulations noted occurred roughly 9 hours after the 
INJECTION OF progesterone, OB ABOUT 6 HOURS BEFORE 
THE EXPECTED NORMAL TIME. 


Progesterone 
dose per bird 

Route of 
administration 

Time of 

hypoph3fsectomy 

Birds 

treated 

Birds ovulating 

(mg.) 



(no.) 

(no.) 

(%) 

1.0 

intravenous 

unoperated on 

30 

25 

83 

10.0 

intravenous 

unoperated on 

7 

7 

100 

10.0 

intravenous 

immcdiatelj' before 
injection 

10 

0 

0 

10.0 

intravenous 

2 hours after in- 
jection 

11 

0 

0 

10.0 

subcutaneous' 

2 hours after in- 
jection 

5 

0 

0 

1.0 

intravenous 

sham hypophysectomy 
immediately before 
injection 

11 

11 

100 


• No controls were run on this level of u l.y ! his route of administration 
but in Fraps and Dury’s paper (1943) hV'w. .ui i' )','! ’'■•I',;; of birds ovulated a Ci 
follicle in response to subcutaneous injection of 1 .0-10.0 mg. of progesterone. 

Experiment 2 was set up to determine whether the ovarian follicle 
was capable of otmlating in the absence of the pituitary. The experi- 
mental plan and results are shown in Table 2. Although a decrease in 
responsiveness of the follicle occurred ipimediately after hj^pophy- 
sectomy, it was still able to ovulate in response to sufficiently large 
doses of pituitary powder, a result quite different from that obtained 
with progesterone. 


Table 2. Ability of the ovarian follicle to ovulate follovung hypophysectomy. 


Dose of 
pituitary* 
per bird* 

Time of hypophysectomy 

Birds treated 

Birds ovulating 



(no.) 

(no.) 

(%) 


uuoperated on 

35 

28 

80 


immcdiatelj' before injection 

19 

2 

10 


immediately before injection 

21 

11 

52 


immediately before injection 

10 

8 

SO 


* See Methods and Materials. 

" .411 injections were made intravenously in this scries of birds. 


The two experiments taken together indicated that the failure of 
ovulation in the hjqiophj'sectomized bird following progesterone in- 
jection was most probably due to a lack of pituitary action on the 
follicle and, therefore, that jirogesterone in all likelihood induced 
o\mlation by stimulating a release of 04mlating hormone from the 
pituitary. 

Experiment S was carried out (a) to determine the time required 
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for the completion of the assumed release of ovulating hormone follow- 
ing progesterone injection, and (b) to compare (1) the interval from 
time of assumed release induced with progesterone to, ovulation with 
(2) the interval from the time of natural release to ovulation. 

Progesterone was injected intravenously, the pituitaries removed 
up to and including 4.0 hours afterwards, and the incidence and time 
of ovulation noted. In Table 3 the incidence of ovulation in relation to 
the interval from injection to hypophysectomy is summarized; evi- 
dently the pituitary must be left in situ for 4 hours following the in- 
jection of progesterone for a maximum normal ovulating response to 
take place. The significance of this is taken up in the discussion. 


Table 3. Relation between the interval from progesterone injection 
(intravenous) to hypophysectomt and the incidence of ovulations 


Time from progesterone in- 
jection to hypophysectomy 

Amount 

progesterone 

injected 

Birds 

treated 

Birds ovulating 

(hours) 

(mg.) 

(no.) 

(no.) 

{%) 

0 — less than 2^ 

1.0 

16 

01 

0 


10.0 

10 

0/ 

2 

1.0 

11 

21 



10.0 

11 

0/ 


More than 2 to less than 3^ 

1.0 

21 

8 

38 

3 

1.0 

15 

10 

67 

4 

1.0 

17 

14 

82 


‘ Hypophysectomy immediately before progesterone injection to 101 minutes after. 
“ Hypophysectomy between 132 and 166 minutes after progesterone injection 
(average — 150 minutes). 


Table 4 shows the relationship between the interval from hypophy- 
sectomy to expected or actual ovulatiom and the percentage of birds 
ovulating in response to progesterone, in comparison with the same 
relationship in birds ovulating under natural conditions. The time 
relations involved are practically identical for both naturally-induced 


Table 4. Naturally-occurring and progesterone-induced ovulations compared 

FOR THE RELATIONSHIP BETWEEN THE PERCENTAGE OF BIRDS OVULATING AND , 
THE INTERVAL FROM HYPOPHYSECTOMY TO ACTUAL OR EXPECTED OVULATION. 


Interval: Hypoph 5 ^sectomy to 

actual/expected ovulation Total number Birds ovulating 


of birds 

Average Number Percent 

Range 



Nat- 

ural 

Proges- 

terone* 

Nat- 

uraP 

Proges- 

terone* 

Nat- 

uraP 

Proges- 

terone* 

- Nat- 
uraP 

Proges- 

terone* 

(hours) 
2.0- 4.0 

(hours) 

3.5 

(hours) 

3.3 

21 

5 

19 

5 ' 

90 

100 

4.2- 5.9 

5.1 

5.3 

47 

21 

28 

' 15 

60 

71 

6.0-10.5 

7.2 

7.3 

92 

77 

17 

16 

18 

21 


* Ovulations occurring under natural conditions, i.e., normally expected Ci and C, 
ovulations together (see Rothchild and Fraps, 1949). 

- Ovulations induced with progesterone. 
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and progesterone-induced assumed releases of ovulating hormone. 

Experiment If., as indicated above, involves the inhibition of ovula- 
tion with progesterone. It has been known for some time in this labo- 
ratory that although progesterone mil induce ovulation, at least the 
oldest follicle in some birds that fail to ovulate, and some or all of the 
younger follicles in those bi,rds in which oimlation occurs, wi|l undergo 
atresia. This effect takes place even with dosages of progesterone as 
low as a fraction of a milligram. The action of progesterone on follicles 
less mature than the ovulable one is thus evidently primarily an ovula- 
tion-inhibiting one. 

To demonstrate this even more conclusively, 15 birds were selected 
for particularly regular lay records, and at 4i00 p.m. on the day of 
ovulation of a terminal follicle, i.e., roughly 37 hours before the next 
expected ovulation, subcutaneous injections of progesterone were 
begun. A total dose of 12.5 mg. of progesterone per bird per day was 
given, dhdded into two injections, at 4:00 p.m. and 8:00 a.m. In 10 
birds the injections were continued until 4:00 p.m. of the day of ex- 
pected Cl ovu|ation, and the birds were killed at 8:00 a.m. the next 
day, roughly 28 hours after the expected o\ailation. The remaining 
5 birds were killed exactly 24 hours earlier than this, roughly 3 hours 
after the time of expected ovulation. In all 15 birds o-\nilation failed to 
occur. In 5 of the 10 birds killed 28 hours after expected ovulation, 
and in 3 of the 5 birds killed 3 hours after expected o^'ulation, the 
follicles were in atresia. 

Although this experiment is admittedly crude, it demonstrates 
the difference in the effect of progesterone when injected at different 
intervals before an e.xpected ovulation. The same level of progesterone, 
or one slightly less than this (10.0 mg.) when injected by either the 
subcutaneous or intravenous route on the day after the ovulation of 
the terminal follicle has primarily an ovulation-inducing effect. 

In another connection, this same relationship was demonstrated 
in the laboratorj"^ recently by hir. B. H. Neher. He injected a total of 
either 2.0, 4.0 or 6.0 mg. of progesterone (using 1, 2 or 3 injections of 
2.0 mg. each) into 3 groups of birds. In 16 birds a single injection was 
made at 4:00 p.m. on the day of o^allation of the terminal egg; in 12 
of these birds, a second injection was made at 12:00 midnight follow- 
ing the first injection; and in S of these birds a third injection was 
made at 9:00 a.m. the following da 3 \ No autopsies were carried out, 
but the laj’- records of these birds indicated an indefinite delaj' in obla- 
tion or atresia (more likely the latter) of the Ci follicle in 3 of the 4 
birds given the single, 3 of the 4 birds given the double, and 7 of the 
8 birds given the triple injection. It will be noted that the first injec- 
tion in eveiy case took place at 4:00 p.m. following the terminal obla- 
tion. However, in another group of birds, he made a single injection 
at 4:00 a.m. following the terminal ovulation and in these birds the 
effect was not inhibition of oblation but an induction of oblation. 
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DISCUSSION 

The facts concerning the ovulation-inducing action of progesterone 
are these: ovulation cannot be induced with progesterone in birds 
whose pituitaries are low in ovulating potency (as shown by the preg- 
nant mare’s serum experiments of Fraps, et al. cited above) or in 
hypophysectomized birds, but progesterone does induce o^uilation in 
normal or sham hypophysectomized birds ; ovulation can be induced 
in birds whose pituitaries are either lacking or low in potency, by the 
injection of pituitary substance; the percentage of birds ovulating 
following progesterone injection is zero when the pituitary is re- 
moved within less than 2 hours after injection, but rises to the same 
value shown by normal birds when the pituitary is removed at 
4.0 hours after the injection; the percentage of birds ovulating in rela- 
tion to the interval from hypophysectomy to expected ovulation is 
practically the same for birds ovulating under natural conditions or 
in response to progesterone. These facts, we feel, justify the assumption 
that progesterone induces a release of ovulating hormone from the 
pituitary. 

A comparison of the time relations between hypophysectomy and 
naturally induced ovulations, and hypophysectomy and progesterone- 
induced ovulations, forces on our consideration the question of whether 
or not the assumptions made in carrying out the experiments reported 
in the preceding paper were correct. These were : if hypophysectomy 
was followed by ovulation, the release occurred before the time of 
hypophysectomy; if hypophysectomy prevented ovulation the re- 
lease was expected after the time of hypophysectomy. Yet the data 
reported in the present paper make it fairly clear (1) that progesterone 
stimulates a release of hormone from the pituitary, and (2) that hy- 
pophysectomy at any time within less than 4 hours following the in- 
jection of progesterone partially or completely prevents the expected 
ovulation. It seems rather unreasonable to assume, as an explanation 
of tips, that the release of hormone occurs as late as 4 hours after the 
injection of progesterone, especially since intravenously injected pro- 
gesterone probably has onlj’’ a very short stay in the blood stream. 
What is perhaps a more likely explanation is the following. After a 
release of ovulating hormone, the continued secretion of a follicle- 
maintaining factor by the pituitary is necessary for the follicle to 
initiate its reaction to the ovulating hormone. The time before ex- 
pected owlation when this continued secretion becomes dispensable, 
then, would be the time at which hypophysectomy does not prevent 
ovulation, and it would follow the time of release of hormone by some 
amount up to 4 hours. The other side of the same coin would be, of 
course, that failure of ovulation following hypophysectomy could sig- 
nify not only the possibility that hjqjophysectomy preceded the time 
of expected release, but also that it followed the actual release of hor- 
mone at some interval less than that required for complete mainte- 
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nance of the follicle in a state of reactivity to the ovulating hormone. 
(Some experiments in progress now indicate this as a worthwhile 
possibility, but since they are by no means conclusive as j’^et, the dis- 
cussion of their significance must be left for a future date.) 

As has already been mentioned (Fraps, Neher and Rothchild, 
1947 ; Rothchild and Fraps, 1949) the release of the ovulating hor- 
mone under natural conditions takes place only within a circumscribed 
portion of each 24 hours. Since Ci ovulation can be induced by injec- 
tions of progesterone at times when naturally-induced releases of 
owlating hormone do not occur, the pituitary is e^^dently responsive 
to a release stimulus at these times, and the failure of the natm-al re- 
lease to occur ma}’' be due to a drop in or absence of activity of the 
normal release-provoking system at these hours of the day. It is also 
possible that the pituitary itself shows a cycle of responsiveness to 
the release stimulus, and that the failure of release at certain hours 
of the day is due to the fact that the pituitary has lost its responsive- 
ness to a release-provoking stimulus. Since the action of progesterone 
so closely parallels that of the natural release stimulus, if it is not ac- 
" tually the stimulus itself, it may serve as a useful tool with which to 
demonstrate the existence and characteristics of such a cycle of re- 
sponsiveness in the pituitary. 

The belief that, in regard to o\mlation, progesterone is primarily 
an owlation-inMbiting hormone rests largely on the following experi- 
mental e\ddence. Removal of corpora lutea in the guinea pig is fol- 
lowed by a shortening of the estrus cycle (Loeb, 1911); the drop in 
ovulating potency of the estrus rabbit’s pituitary that occurs follow- 
ing coitus does not take place following coitus of the pseudopregnant 
rabbit, nor does the pseudopregnant rabbit ovulate following coitus 
(Makepeace, Weinstein and Friedman, 1938) ; continued injections of 
crude extracts of corpora lutea or of progesterone interrupt the estrus 
C 3 ’'cles of rats and mice (Papanicalaou, 1926; Parkes and Bellerby, 
1927; Hisaw, Meyer and Weichert, 1928; Haterius and'Pfiffner, 1929; 
Patel, 1930; Selye, Browne and Collip, 1936; Phillips, 1937), prevent 
the induction of pseudopregnancy in rats following cervical stimula- 
tion (Astwood and Fevold, 1939), the preo^’ulatory swelling of the 
Graafian folUcles in the guinea pig (Dempsey, 1937) the o\uilation 
that normally follows coitus (Makepeace, Weinstein and Friedman, 
1937), or copper injections (Friedman, 1941) in the rabbit, and the 
luteinization of the ovary that usuallj’^ follows injections of follicle 
stimulating hormone in the immature rat (Astwood and Fevold, 
1939). 

The injections of progesterone or progestin in most of these cited 
experiments were made in relatively large amounts, and over long 
periods of time. In the only experiment described in the hterature in 
which progesterone was given in a single injection in a relatively liigh 
dose to a normal manmial, the effect of the progesterone was appar- 
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ently to induce an ovulation (Everett, 1944). The same author had 
pre^dously shown that progesterone facilitated if it did not actually 
induce ovulations in constant estrus rats (Everett,' 1940).® 

In the chicken progesterone has either an ovulation-inhibiting or 
an ovulation-inducing effect depending on the time of administration. 
Practically all the evidence for progesterone’s ovulation-inhibiting 
activity in the mammal i,s of the same order as that which demon- 
strated inhibition in the bird, i.e., injections were started relatively 
early in regard to time of expected ovulation, and continued for a 
relatively long period of time. These facts lead us to believe that the 
role of progesterone in the mammalian estrus cycle deserves reexami- 
nation.® The fact that Dempsey, Hertz, and Young (1936) found evi- 
dence for the secretion of progesterone in the guinea pig several hours 
before ovulation also contributes to the possibility that progesterone, 
in the follicular phase of the mammalian estrus cycle, may actually be 
involved in the induction of ovulation, wliile in the luteal phase one of 
its principal roles is that of inhibition of ovulation. 

SUMMARY 

An amount of progesterone 10 times that required to induce 
ovulation in intact normal birds was found to be completely ineffec- 
tive when injected immediately after hypophysectomy; the dose re- 
quired for normal birds, however, was completely effective when in- 
jected immediately after sham hj^ophysectomy. Removal of the 
pituitary within 2 hours after the injection of progesterone preA’^ented 
OAoilation from taking place. Hypophysectomy between 2 and 4 hours 
after injection permitted increasing percentages of birds to ovulate, 
the same percentage as normal ovulating when hj'^pophysectomy was 
delayed until 4 hours after the injection. The maximum interval from 
hypophysectomy to actual or expected ovulation at which the maxi- 
mum percentage of birds ovulated was of the order of 4 to 6 hours, 
which was the same value found for birds ovulating in response to a 
natural release of ovulating hormone. These facts justify the conclu- 
sion that progesterone induces a release of ovulating hormone from 
the pituitary of the chicken. 

The ovulation-inhibiting effect of progesterone described for mam- 
mals was demonstrated in the chicken as well. Inhibition of ovulation 
in the latter folloAvs progesterone injections made at intervals of 36 
hours or greater before an expected ovulation. 
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THE INFLUENCE OF GROWTH HORMONE ON 
FASTING METABOLISM' 

CLARA M. SZEGO^ and ABRAHAM AVHITE^ 

From the Departments of Physiological Chemistry, Yale University, 

New Haven, Connecticut, and the School of Medicine, University 
of California at Los Angeles 

The role of the adrenal cortex and of the thyroid in regulating 
the rate of mobilization of nitrogen from the tissues of the fasting 
mouse has been investigated recently by AATiite and Dougherty 
(1947). It was found that the adrenal cortical steroids affected the 
rate of loss of nitrogen from lymphoid tissue. Mobilization of nitro- 
gen from the carcass of the fasting mouse was negligible in the ab- 
sence of the thyroid, although nitrogen loss from the liver of either 
thyroidectomized or adrenalectomized animals remained relatively 
independent of these hormonal influences. The data further suggested 
that translocation of nitrogen from carcass to lymphoid tissue of the 
fasting animal was influenced by thyroid secretion. 

These attempts at localization of endocrine control over the con- 
tribution of nitrogen from specific tissues in the fasting animal are 
extended in the present study to the investigation of another potent 
endocrine influence, namely, purified growth hormone. This has been 
done with a view to obtaining evidence regarding the locus of the 
nitrogen-sparing action of this hormone. Accordingl}’', the effect of 
purified adenohypophyseal growth hormone on the net changes of 
nitrogen, as well as water and lipid, in specific tissues was investi- 
gated in both intact and adrenalectomized mice during a 48-hour 
fast. It was found that this growth-promoting preparation decreased 
the rate of protein utilization and accelerated lipid metabohsm of 
control and adrenalectomized mice. 

In spite of its pronounced effects on liver and carcass composition 
and weight loss, purified growth hormone was without influence on 
the metabolism of lymphoid tissue of intact mice during fasting, ex- 
cept at very high dose levels where augmented fasting involution of 
lymphoid structures was observed. Administration of growth hor- 
mone to fasting, adi’enalectomized mice failed to potentiate the growth 

Received for publication October 18, 1948. 

^ This investigation was aided by research grants from the Josiah Macy, Jr. Found- 
ation, and from the Division of Research Grants and Fellowships of the National In- 
stitute of Health, U. S. Public Health Service. 

® Present address: School of Medicine, University of California at Los Angeles. 


150 



February, 1949 GROWTH HORMONE AND FASTING METABOLISM 151 


of l 3 rmphoid tissue. These observations would appear to lend addi- 
tional support to the specificity of pituitary-adrenal cortical control 
over lymphoid tissue weight, structure and function. 

METHODS 

]\fale mice of the CBA strain (Strong), between 8 to 10 weeks of age and 
M'eighing 18 to 22 grams, were employed. Preceding the fast, all animals were 
maintained on Purina laboratory chow pellets supplemented with powdered 
calf meal. The mice were kept in individual metabolism cages during fasting, 
with free access to water; the adrenalectomized animals received 0.9% 
sodium chloride as drinking fluid. Subcutaneous injection of 0.25 ragm. 
desox 3 '’corticosterone acetate (in 0.05 ml. sesame oil, Schering) was used as an 
immediate postoperative supportive measure. Adrenalectomized mice were 
allowed food for 24 to 48 hours before institution of the fast. 

Growth hormone® in physiological saline was injected intraperitoneally in 
a total dose of either 200 micrograms or 4 milligrams, respectivel 3 ^ The 
hormone was administered in 4 divided doses over the 48-hour fasting period. 
Control fasted animals were injected with saline. 

Sampling and analytical procedures 

At the end of the fasting period, the mice were sacrificed b 3 ' severing the 
cervical vertebrae, and samples of tissue from individual animals were ob- 
tained immediately for ana^'-sis. 

a. Lymphoid tissue 

A representative and uniform sample of lymphoid tissue, consisting of 
paired axillary and inguinal nodes, six cervical nodes, the mesenteric node 
chain, th 3 Tnus, and spleen, was rapidb' dissected free of surrounding fat and 
connective tissue. Suitable precautions were taken to prevent tissue deh 3 ’'- 
dration. The lymphoid tissue was weighed immediate^" in a small tared vial 
on the analytical balance, dried at 105°C. overnight, and a dr 3 '’ weight de- 
termined. 

In the initial studies, the water-free samples were transferred quantita- 
tively with the aid of ethanol to a semi-micro Soxhlet appratus. Total lipid 


’ The growth hormone preparation employed was made available through the 
courtosj’ of Drs. A. E. Wilhelmi, J, B. Fishman and J. A. Russell of the Department of 
Physiological Chemistrj", Yale llniversitj'. It was derived from beef anterior pituitarj' 
tissue and had been purified by repetition of the calcium hydroxide — ethanol frac- 
tionation procedure described bj’ Fishman, Wilhelmi, and Russell (1947). When as- 
saj-cd by these investigators in 100 gm. hypophysectomized rats, 10 micrograms of this 
preparation administered daily for 10 da 3 's permitted an average total weight gain of 
approximately 9 gm. The increase in width of the epiphyseal cartilage in similar animals 
averaged 78 micra. Comparable material assaj-cd at the Armour Laboratories in 
Chicago, through the courtes 3 ' of the late Dr. Fred C, Koch, showed no demonstrable 
lactogenic, gonadotrophic, or posterior lobe hormonal activit 3 '. The preparation con- 
tained less than 1 per cent of the adrenotrophic activity of a standard preparation of 
adronotrophin, and 0.1 Evans chick unit of thxTolrophic potcnc 3 ' per milligram. These 
hormonal contaminants did not appear to be significant factors in the experiments de- 
scribed in the present report. This ma 3 ' be deduced from the high acti\it 3 - of the 
preparat ion in the adrenalectomized animals, and from data obtained from histological 
examination of thyroids of fasted, growth hormone-treated mice. The latter glands were 
indistinguishable from those of control fasted animals in their resting, basal appear- 
ance. 
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■was estimated gravimetricall}’’ b}’' a modification of the procedure described 
bj^ Roberts and Samuels (1946). This included exhaustive extraction of the 
sample with alcohol and ether successively, and -resolution Avith petroleum 
ether. The dr}", fat-free tissues Avere transferred quantitatiAmlj'- to a Kjeldahl 
flask and digested Avith 2 ml. of concentrated sulfuric acid in the presence of a 
Hengar granule as catalyst. Digestion Avas completed AAuth 5 drops of Super- 
oxol. Suitable aliquots AA^ere analj'^zed for nitrogen bj" the method of Sobel 
et. al. (1937), Avith the exception that mixed methjd red — bromcresol green 
Avas used as indicator. The nitrogen content of the petroleum ether-insoluble 
fraction of the total lipid extract AA'^as also determined (lipoprotein nitrogen), 
and added to the above A’-alue. Total nitrogen multiplied bj" the factor 6.25 
Avas used as an approximation of the protein present. 

The lymphoid tissue AA-ater, nitrogen and lipid concentrations under speci- 
fic conditions AA'ere strikingly reproducible. These three Amlues accounted for 
100% of the tissue composition, Avith a maximum deviation of 1.5%. There- 
fore, in later experiments it Avas considered unnecessar}’- to determine total 
Ij^mphoid tissue lipid; this value AA^as deriAmd b3' difference, using the ob- 
served concentrations of Avater and nitrogen. 

b. Liver. 

At autops}', a sample of liver AA^as blotted free of blood and taken for 
AA’ater analj’^sis, as described above. Duplicate fresh samples, Aveighed rapidly 
on the Roller-Smith torison balance, AA’ere obtained for total nitrogen deter- 
mination. The remaining liA'^er tissue AA'as AA’eighed and preseiwed in 95% 
ethanol for subsequent lipid anal3’’sis’as described aboA’^e; these samples Avere 
ground with reagent grade sea sand prior to lipid extraction, In some cases, 
samples of liver Avere placed in 10% formalin for subsequent histological 
examination. 

c. Carcass. 

FolloAving dissection of the 13 '^mphoid tissue and liA’^er, the gastrointestinal 
tract Avas removed, Aveighed and discarded. The remaining carcass Avas frozen 
rapidl 3 ’ in a mixture of dieth 3 d ether and solid carbon dioxide. It Avas then 
ground rapidl3" to a fine uniform poAA'der in a Quaker Cit 3 ’- laboratoiy poAA'er 
mill AA’hich had been cooled preAuousb’’ b 3 ’' grinding dr 3 ’' ice. Prior to grinding 
of the carcass, excess carbon dioxide AA’as bloAA’n out of the mill Avith a stream 
of compressed air. 

Weighed samples of ground carcass AA’ere then taken for Avater, nitrogen, 
and lipid anab’sis b 3 ’ methods described aboA’e. The aliquot for total lipid 
AA’as stored in 95% ethanol, and subsequentl3’’ transferred directl3’, AA'ithout 
further grinding, to the Soxhlet apparatus. 

RESULTS 

1 . The effect of adrenalectomy on tissue coniposition of the fed animal. 

Intact and adrenalectoniized mice were sacrificed in the fed state 
to provide data from which Avas inferred the tissue composition at 
the institution of the fast. Comparisons of the anal 3 ’tical data Avere 
made AA’ith regard to the appropriate controls: intact fasted Avith 
intact fed, and adrenalectoniized fasted Avith adrenalectomized fed, 
animals. 

The reason for the distinction in controls AA’ill be clear from Table 1 
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Table I. Change in tissue composition of male cba mice 
24-48 HOURS AFTER ADBENALECTOMYt 


Intact 

Ai)RBNALECTO.MIZED 

Total present 

Tot.al present 

gin. gm./lOO 

gm, gm./lOO % Change 

gm.B.W. 

gm.B.W. 


Liver 


Protein 

0.296 

1.32 

0.252 

1.22 

- 7.6 

Water 

0.955 

4.26 

0.792 

3.84 

- 9.8 

Lipid 

0.103 

0.46 

0.083 

0.40 

-13.0 

Carcass 

Protein 

4.41 

19.7 

4.08 

19.8 

+ 0.5 

Water 

14.90 

66.5 

13.90 

67.5 

+ 1.5 

Lymphoid Tissue 

rrotein 

0.032 

0.143 

0.040 

0.194 

+35.7 

Water 

0.152 

0.680 

0.191 

0.926 

+36.2 

Lipid 

0.015' 

0.067 

0.011= 

0.053 

-20.9 


I By analysis. 

’ By difference, using H-O and N percentages observed, 
t Numbers of animals used indicated in legend for Figure 1. 

in which are tabulated the effects of adrenalectomy on the composi- 
tion of lymphoid tissue, liver, and carcass of fed animals. It will be 
observed that loss of protein, water and lipid from the liver occurred 
in the adrenalectomized group. Total liver weight was thus signifi- 
cantlj'’ decreased in these animals with respect to the fed controls (see 
also Table 2). Carcass exhibited virtually no change. 

Table 2. The influence of growth hormone on liver weight 

IN MALE CBA MICE DURING FASTING f 


Group 

No. of 
Animals 

Total 

Liver 

1 Wet wt. 

(gm/100 
gm. B.W.) 

Total 
Liver 
Wet wt. 
(gm.) 

Total 

Liver 

wt.- 

Fat-frcc 

(gm.) 

Total 

Liver 

wt.-dry, 

fat-free 

(gm.) 

Iniacl 






Fed - 

8 

6 .07 ± 

1 .3621 + 

1.2592 + 

0.3025 + 



0.19 

0.049 

0.044 

0.022 

Fasted 48 hrs. 

13 

5.16± 

0.8640 + 

0.7870 ± 

0.2013 + 



0.16 

0.038 

0.030 

0.010 

Fasted 48 hours.+ 






Growth Hormone, 200 iigm. 

14 

6.36 + 

1 .1110 ± 

0.9240 + 

0.2278 



0.07* 

0.044* 

0.028* 

0.010 

Fasted 48 hrs.+ 






Growth Hormone, 4 mgm. 

6 

6.92 + 

1 .2433 + 

0,9481 + 

0.2345 + 



0.31* 

0.070* 

0 .028* 

0.014* 

Adrenaicelomizcd 






Fed 

13 

5.43 + 

1 .1210 + 

1 ,0380 + 

0 .2460 + 



0,11 

0 .0.39 

0.038 

0.008 

Fasted 48 hrs. (+saline) 

11 

4.57 + 

0.8S96 + 

0.S045± 

0.1732 + 



0.10 

0.025 

0.025 

0.006 

Fasted 48 hrs.+ 






Growth Hormone, 200 ngm. 

10 

.5.28 ± 

1 .0300 + 

0.8710 ± 

0.1910 + 



0.12* 

0.025* 

0.026* 

0.007* 


t Deviations shown arc standard errors. 

• The starred values arc significantly different from the respective fasted control 
figures. 
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The well-known hypertrophy of lymphoid structures following 
adrenalectomy was also observed in the present investigation (Table 
1 ; see also Table 5) . The composition of this growth appeared to be 
an increase in the amounts of water and protein present, accompanied 
by a reduction in total lipid (Table 1). The latter, however, may be 
of questionable significance, because the absolute amounts of lipid 
estimated were very small. 

These data are illustrated graphically in Figure 1. 



Fig. 1. The length of the bars represents the per cent change of tissue constituents 
in fed adrenalectomized animals, 24-48 hours after operation, related to the tissue com- 
position of intact controls taken as a zero baseline. The cross-hatched bars represent 
change in protein, the open bars, change in- water, and the solid bars, change in lipid. 
The number of individual animals contributing to the average values were 8 intact con- 
trols, 9 adrenalectomized animals used for lymphoid tissue and carcass analysis, and 13 
similar animals for liver data. , 

2. The influence of growth horntone on liver of fasting mice. 

a. Weight and composition 

Intact mice fasted for 48 hours lost approximately 32% of fiver 
pi'otein when compared with fed controls (Figure 2). The degree of 
water loss was of a similar order of magnitude. If, however, growth 
hormone was administered during the fast, there was a statistically 
significant reduction in the degree of nitrogen and water loss from 
the fiver, i.e., a relative retention of nitrogen, in the complete absence 
of exogenous som'ces of protein. This is seen Figure 2 for two doses of 
growth hormone in intact animals, and for the 200 microgram dose in 
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the adrenalectomized group. It will be noted that protein loss from 
the liver of adrenalectomized animals during fasting was very similar 
in magnitude to that observed in intact mice, as had been reported 
prerdously (cf. "V^Tiite and Dougherty, 1947). The ratio of water; pro- 
tein loss, however, was different in the two groups. 

The most striking effect of growth hormone seen in these studies 
was the intense mobilization of lipid to liver tissue. It may be noted 
in Figure 2 that although there was an actual loss of about 20% of 
the total lipid from the liver in the untreated intact group during 
the fast, this was counteracted to a striking degree by the adminis- 
tration of growth hormone. The scale here is 8 times reduced over 
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CHANGE IN LIVER COMPOSITION OF FASTING MICE , 



Fig. 2. The length of the bars represents per cent change in liver constituents of 
fasted mice related to the tissue composition ot fed controls taken as a zero base- 
line. Comparison is made between intact fasted tis. intact fed control, and adrcnalcc- 
tomized fasted, rs. adrenalectomized fed, animals. {<?., Results, section 1.). The absolute 
amounts of each constituent present at the start of the fast arc inferred for each group 
from the liver weight: body weight ratio and liver composition found by simultaneous 
analysis of fed controls. The open bars represent untreated, fasted animals, the cross- 
hatched bars, animals recehdng 200 micrograms of growth hormone, and the stippled 
bars, those to which the 4 mgm. dose of hormone was administered. The first three bars 
in each section refer to intact animals, the last group in each section represents adrcnal- 
cctomizcd mice. The number of ani:- -' ■ . ‘ the average in each case is 

indicated by the number enclosed in : ■ ■ ' ■ values indicate losses, posi- 

tive values, gains. 
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that used for protein and water in order to show the intense lipid 
infiltration produced; the 4 mgm. dose increased the total lipid by al- 
most 200%. It is possible that these values were observed at a time 
beyond the maximum lipid accumulation (cf. Steppuhn, 1934; Camp- 
bellj 1938; and Hodge et ah, 1948). Even in fastipg, adrenalectomized 
animals which, in confirmation of MacKay and Barnes (1937a) were 
unable to mobilize lipid to the liver, the administration of growth 
hormone produced a similar increase in liver lipid. 

Table 2 demonstrates the influence of growth hormone on liver 
weight of fasting mice. It will be observed that liver wet weight per 
100 gm. final body weight was significantly greater in growth hor- 
mone-treated animals, both intact and adrenalectomized, than in 
their respective fasting controls, despite the fact that the adrenalec- 
tomized mice began the fast at a lower initial level. In addition, fat- 
free liver weight, and total dry, fat-free weight were with one excep- 
tion significantly greater in growth hormone-treated, fasted mice 
than in their fasted controls, demonstrating again the relative reten- 
tion of nitrogen even when computed on a fat-free, and on a water- 
free basis. Thus, notwithstanding the fact that nitrogen concentration 
was reduced because of the tremendous lipid infiltration, the rela- 
tively greater liver mass in the growth hormone-treated animals pre- 
vented the nitrogen from reaching as low levels as those seen in fast- 
ing alone. This is depicted in Table 3, which shows the greater 
amounts of protein and water as well as lipid in the livers of growth 


Table 3. The influence op growth hormone on liver composition 

IN MALE CBA MICE BURING FASTING f 


Group 

No. 

of 

Ani- 

mals 

Liver 
Nitro- 
gen, % 

Total 

Liver 

Protein 

(gm.) 

Liver 

Water, 

% 

Total 

Liver 

Water, 

(gm.) 

Liver 

Lipid, 

% 

Total 

Liver 

Lipid, 

(gm.) 

Intact 








Fed 

8 

3.48 ± 

0.296 + 

69.7 + 

0.955 ± 

7.52 ± 

0.103 + 



0.045 

0.010 

0.39 

0.045 

0.27 

0.006 

Pasted 48 hrs. 

13 

3.64 

0.196 + 

68.3 + 

0.604 + 

8.85± 

0.079 + 



0.045 + 

0.007 

0.59 

0.030 

0.64 

0.008 

Fasted 48 hrs.-|- 
Growth Hormone, 

14 

3.16± 

0.218 + 

63.0 ± 

0.697 + 

16.4 + 

0.187± 

200 ;jgm. 


0.078* 

0.006* 

1.18* 

0.020* 

1.26* 

0.020* 

Fasted 48 hrs.+ 
Growth Hormone, 

6 

2.77 + 

0.212 + 

58.0 + 

0.712 + 

23.0 + 

0.295 ± 

4 mgm. 


0.18* 

0.005 

2.19* 

0.020* 

3.0* 

0.056* 

Adrenalectomized 








Fed 

13 

3.61 + 

0.252 + 

70.6 + 

0.792 ± 

7.51 ± 

0.083 + 



0.062 

0.007 

0.40 

0.030 

0.32 

0,003 

Fasted 48 hrs. 







0.088± 

(+ saline) 

11 

3.26 + 

0.181 + 

71.5 ± 

0.636 + 

9.78± 


0.08 

0.006 

0.70 

0.016 

0.82 

0.010 

Fasted 48 hrs.-|- 
Growth Hormone 

10 

2.99 + 

0.192 + 

66.0 + 

0.679 + 

15.21 ± 

0.157± 

200 ftgm . 


0.07* 

0.005 

1.55* 

0.021* 

1.85* 

0.019* 


t Deviations shown are standard errors. . r . i 

* The starred values are significantly difierent from the respective fasted control 
figures. 
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Fig. 3, Photomicrograph of a section of the liver of a mouse wliich had received 200 
micrograms of growth hormone during a 48-hour fast. Hcmatoxylin-eosin stain; mag- 
nification X65; lipid content, IC.8% of the fresh weight. Note preservation of architec- 
ture, light-staining (vacuolated) periportal areas, considerable variation in nuclear size, 
and absence of necrosis. 

hormone-treated animals compared with fasting controls. These data 
are statistically^ significant where indicated. 

b. Histological appearance^ 

In spite of intense hepatic lipid infiltration, there was no micro- 
scopic evidence of any essential disturbance of lobular architecture 
in any of the series of livers from fasting animals treated with growth 
hormone. No sign of necrosis was observed even with lipid concentra- 
tions up to 40% of the wet weight of the liver, although some variation 
in nuclear size has been noted. A typical photomicrograph is repro- 
duced in Fig. 3. Sudan IV and Sudan Black stains indicated a peri- 
portal lipid distribution, with sparing of the central areas in most 

* Dr. Henry Bunting of the Dep.^rtment of P.itholog>- and Dr. Elijah -\dams of the 
Department of Physiological Chemistry, Yale University, kindly aided in the inter- 
pretation of histological sections of liver and other tissues. 
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cases. The intensity of Sudan staining was well correlated with lipid 
content found by chemical analysis and progressive increases in stain- 
ing capacity were observed ; from slight, seen in livers of control fasted 
series (8-10% total lipid), through moderate, with the 200 microgram 
dose of powth hormone (15-16% lipid), to intense, resulting from 
the administration of 4 mgm. growth hormone during the fast (aver- 
age 23% lipid). Livers from fed animals, with an average hpid content 
of 7.5% of the wet weight of the liver, showed no Sudan staining. The 
above remarks on liver lipid distribution under the influence of growth 
hormone in fasting mice also appl}'- in general to the adrenaleetomized 
group, in which, however, sparing of central areas was less pronounced. 
Preliminary evidence obtained from fractionation studies indicated 
that the bulk of the excess liver lipid accumulated by growth hormone- 
treated, fasted animals was neutral fat. 

3. T/ie influence of growth hormone on the composition of weight loss of 
fasting mice. 

Figure 4 demonstrates the effect of growth hormone on the com- 
position of weight loss of the residual carcass of growth hormone- 
treated vs. control fasted mice. These data are plotted in terms of 
grams of each constituent lost per 100 gm. initial body weight. It 
will be observed from the figure and also from Table 4 that a dis- 
tinct and significant reduction in body weight loss due to fasting was 
brought about by both doses of growth hormone in intact animals 


Table 4. The influence of growth hohaione on the composition 

OF THE WEIGHT LOSS OF PASTING CBA MICE 








Wt. 


Wt. 


Wt. 




Ko. 

Orig. 

Wt. 

‘*P’* 

Ave. 

Loss 

Ave. 

Loss 

Ave. 

Loss 

Ratio 

Ratio 

Group 

of 

B.AV. 

Loss 

Valued 

Final 

as 

Final 

as 

Final 

as 

Prot.: 

Prot.: 


Mice (gm.) 

(gm,)‘ 


N 

Prot. 

H.O 

H.O 

Lipid Lipid 

H.O 

Lipid 






(%)’ (em.)' 

(%)’ 

(cm.)' 

(%)> 

(gm.)‘ 

Loss 

Loss 

Intact 

Fed 

s 

22.4 



3.15 


66.3 


9.95 




Fasted 48 hrs. 

13 

21.8 

5.5± 

0.26 

— 

3.46 

1.13 

68.5 

3.71 

4.74 

0.40 

1:3.26 

1:0.354 

Fasted +Growth 

14 

22.0 

4.6 ± 

<0.01 

3.45 

0.95 

69.0 

3.12 

5.09 

0.35 

1:3.30 

1:0.369 

Hormone 200 /igm 


0.17 










F.-isted+Growth 

6 

22.2 

4.2 ± 

<0.01 

3.28 

0.85 

68.1 

2.82 

4.98 

0.32 

1:3.34 

1:0.376 

Hormone, 4 mgm. 



0.20 










Adrenaleetomized 

Fed 

9 

20.6 



3.16 


67.6 






Fasted 48 hrs. 

13 

21.8 

2.4 ± 

— 

3.16 

0.48 

71.3 

1.67 

— 

— 

1:3.50 

— 

( + saline) 



0.23 










Fasted 48 hrs 

9 

21.7 

2.0 ± 

<0.2 

3.23 

0.41 

71.6 

1.39 

— 

— 

1:3.42 

— 

-fGro\\'th Hor- 
mone 200 /igm. 



0.27 











» Standard errors are shown.’ 

^Between each group given growth hormone and the fasted control. 

3 All analyses refer to whole carcass minus liver, gut and a constant proportion of lymphoid tissue. 

* The contribution of eact constituent to the weight loss is calculated by multiplying the average compo- 
sition between initial and final levels by the observed weight loss. 
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(“p” value <0.01). This was due, in the main, to reduced loss of pro- 
tein and water. The differences in carcass lipid loss between control 
and growth hormone-treated animals are probabl}'^ not significant be- 
cause of the greater variability of initial carcass fat depots. However, 
Table 4 reveals that a somewhat greater amount of carcass lipid is 
lost per unit of protein loss in the growth hormone-treated animals. 



Fig. 4. The length of the bars represents loss of each constituent in gm./IOO gm. 
initial body weight. The contribution of each constituent to the weight loss is calculated 
from the average composition during the fasting period, between initial {appropriate 
control) and final (observed) levels, and multiplying by observed weight loss. The 
open bars represent untreated, fasted animals, the cross-hatched bars, animals receiving 
200 micrograms of growth hormone, and the stippled bars, those to which the 4 mgm. 
dose of hormone was administered. The first three bars in each section refer to intact 
animals, the last group in each section represents adrenalectomizcd mice. The number 
of animals contributing to the average in each case is indicated by the number enclosed 
in parentheses. 


In adrenalectomized animals treated with growth hormone, there 
appeared to be a relati\'e retention of nitrogen and water in the car- 
cass, although the magnitude of the changes is not statistically signifi- 
cant (Table 4, Figure 4). 

4. TJtc composition of lymphoid tissue xccight change in fasting xnice. 

In Figure 5 and Table 5 are indicated the fasting changes in lym- 
phoid tissue composition. It will be observed that a profound fasting 
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involution of lymphoid tissue occurred in intact, untreated animals 
(cf. "^Tiite and Dougherty, 1947). This was augmented, probabl}'- as 
a result of non-specific stress, by the large dose of growth hormone 
(4 mgm.), but this augmentation was of limited significance (p = 0.1). 
The lower dose of growth hormone was subsequently emplo 3 ^ed be- 
cause, although it did not accelerate the fasting involution of Ij^mphoid 



Fig. 5. The length of the bars represents per cent loss in lymphoid tissue con- 
stituents of fasted mice related to the tissue composition of fed controls taken as a 
zero baseline. Comparison is made between intact fasted vs. intact fed control, and 
adrenalectomized fasted vs. adrenalectomized fed, animals, (v., Results, section 1.). The 
absolute amounts of each constituent present at the start of the fast are inferred for 
each group from the lymphoid tissue weight: body weight ratio and composition found 
by simultaneous analysis of fed controls. The open bars represent untreated, fasted 
animals, the cross-hatched bars, animals receiving 200 micrograms of growth hormone, 
and the stippled bars, those to which the 4 mgm, dose of hormone was administered. 
The first three bars in each section refer to intact, the second three to adrenalectomized, 
animals. The number of animals contributing to the average in each case is indicated by 
the number enclosed in parentheses. Values falling on the baseline indicate no change 
from, and values below the baseline, gain over, the respective control level. 

tissue in the intact animal, it was nevertheless active in producing 
other effects (cf., sections 2, 3). 

Protein and water were lost from lymphoid tissue in similar pro- 
portions during fasting, regardless of growth hormone administra- 
tion, but lipid appeared to be further reduced, relative to total lym- 
phoid tissue loss. This maj^ indicate a selective mobilization of lipid 
beyond that lost as a consequence of dissolution of individual cells. 
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Table 5. The composition of lymphoid tissue in pasting mice± 


Group 

No. of 
Mice 

Wet wt. 
Lymphoid 
Tissue 
(gm./lOO 
gm. B.W.) 

Loss in 
Total 
Lymphoid 
Tissue Wt. 
(%) 

Percentage Composition 

Nitrogen 

Water 

Lipid 

Intact 







Fed 

8 

0.870 + 

— 

2,65 + 

77.7 + 

7.69 



0.039 


0.05 

0.6 


Fasted 48 hrs. 

11 

0.555 + 

51.0 

2.75 + 

78.2 + 

5.20 



0.042 


0.04 

1.0 


Fasted 48 hrs.+ 







200 pgm. Growth 

12 

0.587 ± 

46.6 

2.75 + 

77.9 + 

4.9t 

Hormone 


0.023 


0.03 

0.2 


Fasted 48 hrs. 4- 







4 mgm. Growth 

6 

0.444 ± 

59.5 

2.43 + 

77.0 ± 

5.37 

Hormone 


0 .040* 


0.09* 

0.5 


Adrenalectomized 







Fed 

9 

1.179± 

— 

2.64 + 

78.9 + 

4.6t 



0.088 


0.02 

0.3 


Fasted 48 hrs. 

13 

1 .202 + 

9.3 

2.65 + 

79.4 + 

4. Of 

(+ saline) 


0.065 


0.04 

0.2 


Fasted 48 hrs.-}- 







200 pgm. Growth 

9 

1.148± 

11.7 

2.65± 

79.7 + 

3.7t 

Hormone 


0.064 


0.03 

0.2 


Fasted 48 hrs.-f 







4 mgm. Growth 

2 

1.225 

0 

2.52 

80.5 

3.7t 

Hormone 








± Deviations shown are standard errors. 

t By difference. 

* The starred values are significantlj' different from the respective fasted control fig- 
ures. 

* Of limited significance: p=0.1. 

This disproportionately greater loss of Ij'-mphoid tissue lipid, com- 
pared to losses in other constitutents, appeared to occur also in adre- 
nalectomized animals during fasting, even though there was no sig- 
nificant loss in nitrogen or water. Actually, the total Ijnnphoid tissue 
weights, per 100 gm. body weight, were not significantly affected by 
fasting, or bjr either of the two growth hormone doses (Table 5.) in 
the adrenalectomized group. 'V^'hen, on the other hand, Ijmiphoid 
tissue of fasting adrenalectomized mice is compared to the corres- 
ponding structures of fasting intact animals, ample ewdence of growth 
after adrenalectomy is observed from these data. 

DISCUSSION 

The catabolic influence of the adrenal cortical steroids, as ew- 
denced by their capacitj^ to accelerate the rate of nitrogen excretion 
(cf. re\iew bj”- White, 1948), is generally' acknowledged. In the adrenal- 
ectomized, fasting rat, urinary nitrogen falls to a low level, suggesting 
a retardation of the rate of tissue catabolism (Evans, 1936; Harrison 
and Long, 1940). This is further exemphfied in the reduction in nitro- 
gen loss from carcass and Ijnnphoid tissue reported b}' Tiliite and 
Dougherty (1947) in fasting, adrenalectomized mice. The results re- 
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ported in the present investigation indicate that even this low rate of 
tissue breakdown can be further suppressed or counteracted by the 
administration of growth hormone (or of anterior pituitar)^ extracts 
possessing growth-promoting activity, cf., Harrison and Long, 1940), 
and constitute additional evidence of the opposing actions of growth 
and adrenal cortical hormones (cf., Marx et ah, 1943). In the present 
investigation, growth hormone exerted its nitrogen-sparing effect in 
the adrenalectomized fasting mouse primarily in the liver. 

The administration of growth hormone to the fasting mouse re- 
sulted in a diminished rate of nitrogen and water loss, associated with 
an apparent acceleration of fat metabolism. These observations are 
analagous to the effects noted in the fed animal by Lee and Schaffer 
(1934). The weight gain of fed rats treated with semi-purified growth- 
promoting extracts was composed of an increased proportion of ni- 
trogen, water, and ash, and a decreased concentration of fat, as com- 
pared to control, pair-fed litter mates. It was deduced from the latter 
studies that chemical maturation, according to the concepts of Moul- 
ton (1923), was delayed b}'- treatment of the animals with anterior 
pituitary extract. 

The shift to an increased rate of fat oxidation, inferred from the 
earlier work with crude anterior pituitary extracts (cf., Schafer (1931), 
Wadehn (1932), Gaebler (1933), Lee and Schaffer (1934), Steppuhn 
(1934), Best and Campbell (1936), Harrison and Long (1940), and 
others), was reflected in the present studies primarily by the metabo- 
lic events occurring in the liver. The slight hepatic fatty infiltration 
which has been observed as a result of fasting alone, was strikingl}'- 
exaggerated by the administration of growth hormone to the intact 
animal. This treatment resulted in exceedingly fatty livers, which 
were, however, histologically free from necrosis or inflammatory 
processes. Downs (1930) and Best and Campbell (1936) described 
liver necrosis following injection of crude anterior pituitary extracts; 
the latter authors also observed fatty infiltration of the liver. Puri- 
fied growth hormone has also been reported recently bj'" Bennett et 
al. (1948) to possess ketogenic properties. Ketosis was prevented 
by removal of the liver in the latter studies, as well as in the earlier 
experiments of Mirsky (1936) who used crude extracts. It was further 
observed bj^ Shipley (1944) that ketogenesis by rat liver in vitro was 
accentuated by anterior pituitary extract. These studies indicated 
the importance of the liver in mediating the accelerated fat metab- 
olism. It is possible that the liver maj'" be essential for other manifes- 
tations of growth hormone acti\dty. Thus, Frame and Russell (1946) 
found that whole anterior pituitary extract, presumablj^ rich in 
growth-promoting acti\'ity, decreased the blood amino acid content 
of normal rats, but was without effect in the eviscerated animal. The 
liver has also been directlj'^ implicated in the earliest observed effects 
of anterior pituitary extracts i.e., reductions in liver non-protein 
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nitrogen and nrea (Lee and Schaffer, 1934), and in glutathione 
(Gregory and Goss, 1939). It seems probable from these data that 
the liver m&j be a principal site of action of growth hormone (cf., 
Lee, 1936). 

The present studies X'eveal that purified growth hormone is capable 
of causing an increase in liver fat in the fasting, adrenalectomized 
animal notwithstanding the impairment of fasting lipid mobilization 
to the liver in the absence of the adrenals (cf., also MacKay and 
Barnes, 1937a). It had been shown b}'' Fry (1937) and MacKay and 
Barnes (1937a) that crude anterior pituitary extracts failed to induce 
fatty liver in the adrenalectomized rat. Adrenalectomy also pre- 
vented the fatty infiltration of the liver which usually accompanies 
pancreatectomy (Long and Lukens, 1936), diminished the deposition 
of liver fat following partial hepatectomy (MacKay and Came, 1938; 
Berman et al., 1947), and reduced the ketonmia of fasting rats after 
anterior pituitary extract administration (Frj'^, 1936; MacKay and 
Barnes, 1937b). It is apparent, however, that under the influence of 
the more highly purified growth hormone fraction used in the present 
investigation, fat mobilization to the liver was independent of the 
adrenal. The ketogenic effects of purified growth hormone have also 
been observed in the absence of the adrenal by Bennett et al., (1948). 
The available evidence suggests that the shift to accelerated fat metab- 
olism promoted b}'- growth hormone is not necessarily adrenal-medi- 
ated. The interpretation of the earlier data demonstrating that the 
presence of the adrenal is essential for liver lipid accumulation with 
crude anterior pituitarj'- extracts is made difficult by the complex 
nature of the extracts used. 

In ^dew of the profound effects of growth hormone on the meta- 
bolic pattern of the fasting animal, it is somewhat surprising that 
Ijonphoid tissue appeared to be independent of its influence. Neither 
the composition nor the weight of the l 3 Tnphoid structures of the in- 
tact, fasted animal was altered bj’- growth hormone administration. 
The accentuated involution of l 3 miphoid tissue produced b 3 ’' veiy 
large doses of this hormone was probabl 3 '- due to a non-specific aug- 
mentation of pituitaiy-adrenal cortical secretion. Marx, Simpson, 
Keinliardt and E^^^ns (1942), however, reported some increase in 
th 3 mnis weight be 3 mnd that expected as a result of bod 3 ' weight 
gain in fed rats injected chronicaIl 3 ’- Avith relative^’’ pure growth hor- 
mone. 

The increased mass of 13’mphoid structures seen following adrenal- 
ectom3'- appeared to fulfill the biochemical criteria of true growth i.e., 
the deposition of relati\'el3' larger amounts of nitrogen and Avater and 
a loAA'er proportion of fat as compared to the adult structures. This 
groAA'th occurs notwithstanding the obAious drain on the energetic 
resources of the animal during fasting, and is furthei’ cA'idence of the 
decreased rate of utilization of l3nnphoid tissue nitrogen in the ab- 
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sence of the adrenal steroids (T^Hiite and Dougherty, 1947). The data 
appear to suggest, however, that the lipid of lymphoid tissue is a more 
labile component, and may be available to the fasting animal even 
in the absence of the adrenals. The growth of lymphoid tissue follow- 
ing adrenalectomy could not be potentiated by growth hormone in 
the fasting animal. Thus, the role of the adrenal in regulating the 
structure and function of lymphoid tissue gains emphasis from the 
failure to influence this tissue with growth hormone, which, in general, 
has a nitrogen-sparing effect in the fasting animal. 

The metabolic effects of anterior pituitary extracts have been re- 
viewed by Houssay (1942) and Long (1942, 1943), and, more recently, 
for growth-promoting fractions of a greater degree of purity, by Marx 
and Evans (1944) and Li and Evans (1947). There appear to be sev- 
eral possible mechanisms by which growth hormone may act to pro- 
duce the metabolic changes observed in the present investigation and 
in other studies. The evidence is consistent with the alternatives a), 
that growth hormone inhibits the rate at which the animal is able to 
mobilize or utilize protein and is therefore compelled to burn a greater 
proportion of fat to supply its energy needs, or, b), that growth hor- 
mone accelerates the rate at which the animal can mobihze fat — 
i.e., that it burns fat preferential^, and consequently less protein is 
required as an energy som’ce. A fat mobilizing factor in the cruder 
pituitary extracts was termed "lipoitrin” by Raab (1934). The mag- 
nitude and early onset (Campbell, 1938) of fat mobilization following 
anterior pituitary extract injections suggest that the effects of growth 
hormone on the nitrogenous constituents of liver and other tissues 
may be secondary. The influence of anterior pituitary extract in pro- 
moting fat metabolism has been advanced by others (Gaebler, 1933; 
Lee and Schaffer, 1934; and Long, 1943) as a possible explanation 
for the mechanism by which protein could be spared. Growth hor- 
mone may produce at least a portion of its effects by reducing total 
metabolism (Kleiber and Cole, 1939), although this was not seen in 
earher experiments by Gaebler (1933, 1935), who reported a large 
calorigenic response concomitant with a fall in R.Q. in dogs treated 
with crude anterior pituitary extracts. Whatever the primary mech- 
anism of growth hormone action may be, it appears to be mediated by, 
or require the participation of, the liver. 

In considering the economy of the fasting animal, it is possible 
that growth hormone production is stimulated by fasting, as appears 
to be the case for adrenotrophin. This suggestion is supoprted by the 
observation that the untreated, fasting animal burns a larger propor- 
tion of lipid than does the fed subject. The latent period during which 
the urinary nitrogen falls progressively to a minimal level as fasting 
proceeds may be due to the time required for the activity of endoge- 
nous growth hormone to be manifested, and for adrenal exhaustion 
and consequent decline of the catabolic effects of the adrenal cortical 
steroids. 
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SIIMMAKI' 

The influence of a purified growth hormone preparation on fasting 
metabolism of intact and adrenalectomized mice has been investi- 
gated. Doses of 200 micrograms, administered during a 48-hour fast- 
ing period, caused a depression of the I’ate of nitrogen and water loss 
from liver and carcass of these animals. This relative sparing of nitro- 
gen was accompanied bj'^ an acceleration of fat metabolism as evi- 
denced by intense fatty infiltration of the livers of fasting animals 
treated with growth hormone. The accumulation of liver lipid as a 
result of growth hormone injection was independent of the presence 
of the adrenals. Histological examination did not reveal e\ddence of 
liver damage. The data support the suggestion that the lipid mobiliz- 
ing action of growth hormone maj'- be integrated with its nitrogen 
sparing effect. 

The involution of Ijnnphoid tissue in the fasting mouse was inde- 
pendent of the influence of growth hormone, except at very large 
doses (4 mgm./48 hours), which accentuated this phenomenon in in- 
tact mice. The increase in mass of lymphoid tissue following adrenalec- 
tomy was not potentiated bj’- growth hormone administration during 
fasting. Analysis of the composition of the Ijmiphoid tissue weight 
gain following adrenalectomj'^ jdelded e\ddence that this enlargement 
conformed to the criteria of true growth. 
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SEASONAL CHANGES IN THE TESTES, EPIDID- 
™iDES AND SEIHINAL VESICLES OF DEER 
INVESTIGATED BY HISTOCHEMICAL 
METHODS' 

GEORGE B. WISLOCKI 

From the Department of Anatomy, Harvard Medical School 

BOSTON 

It was shown some years ago that the testes, epididjonides and 
seminal vesicles of Vij’ginia deer exlnbit seasonal changes in respect 
to their weights and histological appearances (Wislocki, ’43). In the 
lati|,ude of New England, they increase in weight and reach maximal 
actmty in the fall (October, November), followed by a marked de- 
cline in weight and suppression of secretory activity and spermato- 
genesis in the spring (May, June). 

Since the former report was published, the internal sex organs of 
male deer have been reinvestigated in this laboratory by a variety 
of histochemical methods for lipids (including steroids), nucleopro- 
teins, acid mucopolysaccharides, gL'^cogen and phosphatases. The 
preseiit paper describes these reactions in the testes, epididymides 
and seminal vesicles of Virginia and Japanese deer, comparing the re- 
sults in the active and inactive states. 

MATERIALS AND METHOD 

The material consists of the testes and seminal vesicles of 4 Virginia deer 
(Odocoileus virginianus borealis) and 2 Japanese or Sika deer (Cervus nip- 
pon).- The 4 Virginia deer, from a healthy herd on free range, were obtained 
on June 9 and 14, October 19 and November 30. The 2 Japanese deer, from a 
small captive herd, were taken on June 13 and November 13. 

For the staining of lipids, pieces of tissue were fixed in 10% neutral forma- 
lin. Frozen sections were stained in either sudan III (sat, sol. in 70% alcohol 
with 1% pot. hj^drox. added) or sudan black B (sat. sol. in 70% alcohol) for 
7 minutes and then mounted in glj'cerine jelly. 

For the demonstration of steroid substances, pieces of testes were fixed 
in 10% neutral formalin. Unstained, frozen sections of these blocks were 
examined in ultraviolet light for natural fluorescence and with the polarizing 

Roceived for publication October 20, 194S. 

* This work was done in part under a grant from the .\merican Cancer Society on 
the recommendation of the Committee on Growth of the National Research Council. A 
special gift to the Department was used to dcfr.ay the cost of the color plate. 

- Thanks arc due to Dr. Henry S. Forbes of Milton, Mass, for permission to secure 
the specimens of Virginia deer, and to Mr. James Draper of Canton, Mass, for the 
material from Japanese deer. 
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microscope for birefringence, while other sections Avere stained AA'ith sudan 
III or Sudan black B and with Schiff's plasmal reagent (the plasmal reaction 
of Feulgen and Voit). Other sections were extracted Avith acetone at room 
temperature before carrjdng out the above procedures. 

No single method is aA'^ailable for identifjung ketosteroids in tissue 
sections, but bj'' the use of a combination of methods, the sum of.AA^hich 
characterizes ketosteroids (but no other knoAvn ts'pe of compound) they can 
be identified AAuth some assurrance (Bennett, ’40; Dempsey and Wislocki, 
’46). Since steroids are soluble in acetone at room temperature, the other 
methods used aauII be negative folloAAung extraction of the sections in that 
soh^ent. The steroids, along AAuth other lipids, are sudanophilic and hence Avill 
be stained AAuth sudan dyes. Because of their ketone groups, the ketosteroids 
AAull recolorize leucofuchsin (Schiff’s reagent) to produce a purple color 
(the “plS'Smal reaction” of Feulgen and Voit). Unsaturated steroids exhibit 
greenish or yelloAvish autofluorescence Avhen illuminated by ultraviolet light, 
and are Ausible in cells as birefringent spherocrystals. 

For the inA'-estigation of endoplasmic basophilia, blocks of tissue AA^ere 
fixed in Zenker’s fluid and the deparaffinized sections AA'ere stained AAuth 
eosin and methylene blue or Avith toluidin blue (|% aqueous sol.). The Feul- 
gen reaction for desoxyribonucleic acid AA^as carried out b}’' the standard 
technique after fixation in Zenker’s fluid. 

Acid mucopolysaccharides AA'ere sought for by means of their metachro- 
matic staining. Pieces of tissue AA'ere fixed in 4% basic lead acetate and de- 
paraffinized sections AA^ere stained in a 5 % aqueous solution of toluidin blue 
for 30 minutes (Holmgren, ’40; Wislocki, Bunting and Dempse}'', ’47). 

Gl 3 ’’cogen AA^as sought for in pieces of tissue fixed in Rossman’s fluid 
(abs. ale. sat. AAdth picric acid, 90 cc.; formaldehyde (40%), 10 cc.). Deparaf- 
finized sections AA^ere stained b}'' both the Bauer-Feulgen and periodic acid- 
Schiff methods. Control sections AA^ere exposed to saliva for 30 minutes at 
room temperatui’e before staining. The periodic acid-Schiff method Avas 
applied according to the directions of McManus (’46). The deparaflBinized 
sections are placed in a 1% solution of periodic acid for 5 minutes; they are 
then Avashed and stained for 10 to 15 minutes in Schiff’s reagent, transferred 
directlj" to 2 changes of sulphurous acid for 5 minutes each, then cleared and 
mounted in balsam. 

Besides gljmogen, the periodic acid-Schiff method stains other substances 
and Structures, including mucus, cartilage matrix, collagenous fibers, base- 
ment membranes, fibrin and the elastica interna of blood vessels (Lillie et al., 
’47; Wislocki and Dempse 3 ’-, ’48). Besides gl 3 '’Cogen, the Bauer-Feulgen 
reaction AAdiich emplo 3 's chromic acid in a AA^a 3 '' similar to periodic acid stains 
mucus, cartilage matrix and elastica interna (Wislocki, Bunting and Demp- 
sey, ’47). Unlike the staining of g^mogen, these latter reactions are not 
prevented b 3 ^ previous treatment of the sections AAuth saliva. Staining by 
these 2 methods depends probabl 3 ’' on the oxidation of polysaccharide com- 
plexes in Ayarious gl 3 ycoproteins b 3 y periodic or chromic acid, Avith the result 
that aldeh 3 ydes are formed. The latter are revealed b 3 y their reaction Avith the 
leucofuchsin in Schiff’s reagent. 

Alkaline phosphatase AA'as investigated b 3 y the method of Gomori (’41a) 
as modified bA- Dempse 3 y and Deane (’46) utilizing sodium gl 3 ycerophosphate, 
fructose diphosphate and 3 yeast nucleic acid as substrates. Pieces of tissue 
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were fixed in chilled 80% alcohol and the sections incubated at pH 9.4 for 
3 and 6 hours. The sections were counterstained with Maj^er’s paracarmine. 

Acid phosphatase was demonstrated bj' Gomori’s method (’41b) in 
tissues fixed in chilled acetone and incubated in glj'cerophosphate at pH 
4.7 for 24 and 48 hours. The sections were counterstained with Mayer’s 
paracarmine. 

Besides the use of these more specific histochemical methods occasional 
sections were stained bj" other techniques. The latter included staining by 
Masson’s triacid mixture (ponceau-acid fuchsin, orange G and light green), 
hematoxylin and eosin, Heidenhain’s iron-hematoxylin method, Bodian’s 
protargol methods as modified b}' Dawson and Barnett (’44) and Pap’s silver 
impregnation method for reticulum (Pap, ’29; Mitchell and Wislocki, ’44). 

TESTIS 

The testes of deer killed in New England are active and large at 
the time of the rutting season in the fall and are small and atrophic in 
the spring (Wislocki, ’43). The present investigation compares the 
cj^ology and histochemistry of the testes of several Virginia and Japa- 
nese deer at these 2 periods when the seasonal contrasts are maximal. 
The intermediate phases of the intervening months have not been 
followed. 

THE INTERSTITIAL TISSUE 

The interstitial tissue of the testes is more voluminous in the rut- 
ting season than in the sexually quiescent months of the spring. In 
the fall the cells are large and numerous and their cytoplasm is abun- 
dantly filled with sudanophilic lipid droplets (figs. 1 and 10). Sections 
stained by Schiff’s reagent reveal an intense plasmal reaction (figs. 4 
and 11) which appears to coincide with the sudanophil droplets (cf. 
figs. 10 and 11). Observed under the polarizing microscope, many 
birefringent ch’oplets are encountered and when examined for fluores- 
cence in ultra\nolet light the interstitial cells emit a yellowish auto- 
fluorescence. These reactions are lost after preliminary extraction of 
the frozen sections with acetone. 

In June testes the cells are smaller and fewer in number and the 
sudanophiUc droplets are diminished (fig. 12). The Schiff reaction, 
birefringence and autofluorescence are correspondingly reduced. The 
above observations indicate not only that the interstitial tissue is the 
site of formation of ketosteroids but that the quantity present is much 
greater in the fall at the time of rut than during the period of sexual 
inacti^’ity. 

In the course of preparation of paraffin sections of the testes the 
fat droplets are ordinarily dissolved out, giving a delicate foamy ap- 
pearance to the cjdoplasm of the interstitial cells. This is apparent in 
sections fixed in Zenker’s fluid and subsequently stained with eosin 
and methylene blue or with Masson’s triacid mi.xture. 

In the fall testes, fixed in Zenker’s fluid and stained with eosin 
and methylene blue, the cytoplasm of the interstitial cells stains a 
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lavender color with superimposed delicate basophilic stippling. In 
June the shrunken cytoplasm of the interstitial cells is paler in color 
and shows practically no cytoplasmic basophilia. 

With toluidin blue, after fixation in 4% basic lead' acetate, meta- 
chromasia has not been encountered in the interstitial tissue at either 
time of the year, an observation indicating the absence of any acid 
mucopolysaccharides. 

Crystals have not been encountered in the interstitial cells of deer, 
although they were sought for in sections stained with Heidenhain’s 
iron-hematoxylin, eosin and methjdene blue and Masson’s triacid 
stain. 

By the Bauer-Feulgen and periodic acid-Schilf procedures glycogen 
is not demonstrable in the interstitial cells, but it occurs with regu- 
larity in the walls of the arteries and arterioles. By the periodic acid- 
Schiff method the basement membranes surrounding the seminiferous 
tubules and collagen in general are intensely colored (fig. 3), but, 
since this staining is not prevented by preliminary exposure of the 
sections to saliva, it is not due to glycogen. Similarly, in June testes 
glycogen is present in the walls of the blood vessels but is absent from 
the interstitial cells. With the periodic acid-Schiff method the fibrous 
stroma of June testes is especially deeply stained, a result attributable 
to the relative increase in density of the collagen in the shrunken or- 
gan. 

The cytoplasm of the interstitial cells in the fall testes contains 
little alkaline phosphatase, whereas the basement membranes en- 
closing the seminiferous tubules and the walls of the interstitial arter- 
ies and arterioles are intensely stained (figs. 5 and 6). With fructose 
diphosphate as substrate the cytoplasm of the interstitial cells is 
more distinctly stained (fig. 5) than after the use of yeast nucleic 
acid (fig. 6). In the interstitial tissue of June testes, on the contrary. 


Explanation of Figures 

1. Frozen section of a formalin-fixed testis of a Virginia deer (Nov. 30) stained 
with Sudan III for 7 minutes. Observe the staining of the interstitial tissue and the 
seminiferous tubules. X160. 

2. Frozen section of formalin-fixed testis of a Japanese deer (Nov. 13) stained with 
Sudan black B for 7 minutes. Notice the stained lipid droplets in the elements of the 
seminiferous tubule and compare with figure 1. The sperm heads, seen in profile, are 
accentuated b 3 ’’ Sudan dyes. X70 ocular, X90 objective. 

3. Section of a testis of a Virginia deer (Oct. 19) fixed in Rossman’s fluid and 
stained by McManus’ periodic acid-Schiff procedure. Observe the staining of the 
basement membranes enclosing the seminiferous tubules and of the walls of the blood 
vessels of the interstitial tissue. The interstitial cells are unstained. Notice the rela- 
tively faintlj’ stained spermatids in the 2 tubules in the lower half of the photograph 
and compare them with the cells shown in figure 15. In the tubule visible in the upper 
half of the photograph, observe the more deeply stained spermatozoa and compare 
them with figure 16. X260. 

4. Frozen section of a formalin-fixed testis of a Virginia deer (Nov. 30) stained with 
Schiff’s reagent illustrating the prominent plasmal reaction of the interstitial tissue. 
Compare this photograph with a drawing of the interstitial tissue at higher magnifica- 
tion (fig. 11). X160. 
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alkaline phosphatase is practicalljr absent (fig. 9). It should be noted 
that the staining of the nuclei of the interstitial cells registered in 
photographs 5, 6 and 9 is due mainly to counterstaining by paracar- 
mine and not to the presence of alkaline phosphatase. 

Acid phosphatase is present in slight amounts in the interstitial 
tissue of fall testes (fig. 7). Differing from alkaline phosphatase, it 
is present principallj'^ in the cell nuclei and does not occur in either the 
arterial walls or in the basement membranes. In June testes it is absent 
(fig. 8). 


SEMINIFEROUS TUBULES 

Figures 1 and 2 illustrate frozen sections of fall testes stained re- 
spectively with Sudan III and sudan black B. Both coarse and fine 
lipid droplets occur within the seminiferous tubules. The coarse par- 
ticles vary in size and are located irregularly at the periphery of the 
tubules near the basement membrane. The minute lipid particles are 
widely scattered, existing both at the periphery and toward the center 
of the tubules. In the latter region they are maximal in number and 
appear to be located within the cytoplasm of spermatids as well as 
within globoid cytoplasmic masses freed into the lumen of the tubules 
during cytomorphosis of spermatids into spermatozoa. In addition to 
these various lipid droplets, the heads of the spermatozoa appear to be 
faintly stained, especially when viewed in profile (fig. 2). Since the 
large sudanophil droplets near the basement membrane do not seem 


Explanation of Figures 

All of the sections illustrated on this plate were counterstaincd with Mayer’s para- 
carmine. 

5. Section of testis of a Virginia deer (Oct. 19) showing the distribution of alkaline 
phosphatase. Fixed in chilled S0% alcohol. The section was incubated in fructose 
diphosphate at pH 9.4 for C hours. X220. 

6. The same, utilizing yeast nucleic acid as substrate and incubating at pH 9.4 for 
0 hours. In this and the previous photographs observe the intense phosphatase reaction 
of the seminiferous tubules and the surrounding basement membranes. The interstitial 
tissue is quite faintly stained excepting the dark reaction of the walls of the arteries. 
The apparent nuclear staining in this and the preceding section is partly duo to the 
red color imparted by the counterstain. X220. 

7. Section of a testis of a Japanese deer (Nov. 13) showing the pattern and in- 
tensity of acid phosphatase. Fixation in chilled acetone. Section incubated with sodium 
glycerophosphate at pll 4.7 for 4S hours. The reaction is confined mainly to the cells of 
the seminiferous tubules. X140. 

8. Section of a testis of a Japanese deer (June 13) incubated vith sodium glycero- 
phosphate at pH 4.7 for 48 hours. Obscrv'c the difference between the November testis 
(preceding photogr.aph) and the June testis shown in this figure. In June the shrunken, 
inactive seminiferous tubules, ns well ns the interstitial tissue, are essentially negative 
for acid phosphatase. X140. 

9. Section of a testis of a Japanese deer (June 13) incubated with sodium glycero- 
phosphate at pH 9.4 for 6 hours. Fixation in chilled 80% alcohol. The relatively slight 
reaction for alkaline phosphatase is confined almost entirely to the contents of the 
shrunken tubules. Neither the basement membranes nor the blood vessel walls have 
reacted. Compare with the intense reactions for alkaline phosphatase in fall testes 
(figs. .I and 6). X140. 
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to be located in either spermatogonia or spermatocytes, they are 
probably situated in the cytoplasm of Sertoli cells. The lipid droplets 
are not birefringent, but the sperm tails and cell membranes are, a 
birefringence which is not abolished by extraction with acetone. In 
the testis of a November Virginia deer examined in ultraviolet light. 


Plate 3 

Explanation of Figures 

10. A group of interstitial cells from the testis of a Virginia deer (Oct. 19). Formalin- 
fixed, frozen section stained with sudan black B for 7 minutes. Compare with figure 1. 
XlO ocular; =40 objective. 

11. Another section from the same testis stained with Schiff’s reagent, showing the 
depth and intensity of the plasmal reaction. Compare with figure 4. Observe that the 
plasmal reaction coincides in its pattern with that of the lipid in the previous section. 
XlO ocular; X40 objective. 

12. A group of interstitial cells from a June testis (Virginia deer). Formalin-fi.xed, 
frozen section stained with sudan black B for 7 minutes. Compare with figure 10, 
observing the greatly diminished quantity of stainable lipid in the June testis. The 
plasmal reaction of the June testis (not illustrated) was similarly diminished. XlO 
ocular; X90 objective. 

13. The epithelium of the distal portion of the ductus epidid 3 'midis showing the 
distribution of alkaline phosphatase. Virginia deer on Oct. 19. The borders of the 
columnar cells and the stereocilia react strongly as does also the cj'toplasm of the small 
basal colls. Fixation in chilled 80% alcohol. Section incubated with fructose diphosphate 
at pH 9.4 for 3 hours. Counterstained with paracarmine. Compare with figures 23 and 
27. XlO ocular; X90 objective. 

14. The epithelium of the proximal portion of the ductus epididymidis of the same 
animal showing the distribution of acid phosphatase. The nuclei of 2 migrating lympho- 
cytes are visible in the epithelium. The terminal bars at the surface of the epithelial 
cells react intenselj'. The stereocilia are faintlj" stained, and to the right deeplj' stained 
spermatozoa are visible. Fixation in chilled acetone. Section incubated in sodium 
glj'cerophosphate at pH 4.5 for 24 hours. Counterstained with paracarmine. Compare 
with figure 30. XlO ocular; X40 objective. 

15. Spermatids from a seminiferous tubule of a Japanese deer killed on November 
13. Fixed in Rossman’s fluid and stained by the periodic acid-Schiff method. The 
acrosomes and portions of the acroblast applied to the nucleus react positivel}^ — 
staining not prevented by saliva and hence not attributable to glycogen. X7 ocular; 
X90 objective. 

16. Spermatozoa (from ductus epididymidis) stained by the periodic acid-Schiff 
technique following fixation in Rossman’s fluid. Virginia deer on Oct. 19. XlO ocular; 
X90 objective. 

17. Spermatozoa from the same deer, fixed in Zenker’s fluid and stained bj^ the 
Feulgen method revealing the amount and distribution of desoxjTibonucleic acid. XlO 
ocular; X90 objective. 

18. Spermatozoa of a Japanese deer (Nov. 13) fixed in Zenker’s fluid and stained 
with eosin and methjdene blue. X15 ocular; X 90 objective. 

19. Spermatozoa of a Virginia deer (Oct. 19) fixed in Rossman’s fluid and stained 
with Masson’s triacid mixture. X 15 ocular; X90 objective. 

20. Spermatozoa of the same deer fixed in 4 % basic lead acetate and stained in a 
i-% aqueous solution of toluidin blue, illustrating the absence of any metachromatic 
staining. X7 ocular; X90 objective. 

21. Spermatozoa in the ductus epidid 3 'midis of the same deer showing the alkaline 
phosphatase reaction after incubating a section with fructose diphosphate at pH 9.4 
for 6 hours. Fixation in chilled 80% alcohol. X15 ocular; X90 objective. 

22. Spermatozoa in the ductus epididymidis of a Japanese deer in November 
stained for acid phosphatase. Section incubated with sodium gl 3 ’'cerophosphate at 
pH 4.7 for 48 hours. Fixed in chilled acetone. X15 ocular; X90 objective. 
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a number of reddish-yellow granules and droplets were observed in the 
basal portion of the tubules. The yellow color, interpreted as being due 
to lipochrome, seemed to be associated with the coarser sudanopMI 
droplets observed in the preparations stained with sudan dj’-es. A few 
similar reddish-yellow droplets were present in the interstitial tissue. 
The epithelial cells of the seminiferous tubules do not give a specific 
plasma! reaction (fig. 4), and the spermatozoa are quite unstained. 
In the inactive epithehum of the June tubules the lipid droplets are 
fewer in number and smaller in size. 

In fall testes cytoplasmic basophilia is evident in the cells of the 
seminiferous tubules in eosin-methylene blue preparations. Basophilia 
is shght in the spermatogonia and spermatocjdes, but increases in 
amount in the cytoplasm of the spermatids. In the globoid cyto- 
plasmic residues which become detached from the spermatids it forms 
a dehcate blue stippling on a faint lavender background. In June testes 
cjdoplasmic basophilia is minimal. 

In the tubules of fall testes the periodic acid-Schiff method brings 
out a variety of stained structures (fig. 3). The basement membranes 
are intensely stained, and within occasional tubules vi\id red droplets 
are pi’esent in some of the Sertoli cells. Tov'ard the centers of the 
tubules, staining of spermatids and of spermatozoa is observed (fig. 
3, 15 and 16). In the spermatids red material is visible in hemispherical 
contact with the nuclear membrane in addition to a deeply stained 
red body which is either close to or in contact with the nucleus (fig. 
16). The former is interpreted as being part of the acrosome and the 
latter as the acroblast. The heads of the spermatozoa appear in pro- 
file as red spindles and in full Anew as paler spatulate objects (figs. 3 
and 16). In addition, pale stained material is seen in the tubular 
lumen, more especially in those segments of the tubules in which 
spermatozoa are differentiating. This stained substance is interpreted 
as being residual cytoplasm released from spermatids in the course of 
their cytomorphosis into spermatozoa. 

Except for the dark red droplets present in some of the Sertoli cells, 
none of the elements mentioned above is affected by the use of saliva. 
Thus, only the former are regarded as being gl 3 '^cogen. Of the various 
periodic acid-Schiff positive elements described above, the Bauer- 
Feulgen technique, stains only the droplets of glycogen. 

In the inactive June testes, some of the shrunken seminiferous 
tubules contain flocculent material in the tubular lumens, which is 
intenselj’- colored bj’^ both the periodic acid-Schiff and Bauer-Feulgen 
methods. The solubilitj"^ of this substance in saliva indicates that it is 
gljTogen. The residual spermatogenic cells do not appear to be specif- 
ically stained. 

During the fall the seminiferous tubules exhibit most intense re- 
actions for alkaline phosphatase (figs. 5 and 6). Besides the basement 
niembranes, the epithelial elements of the tubules stain deep!}'. The 
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reaction involves the cytoplasm of spermatogonia, spermatocytes and 
spermatids, being relatively faint in the spermatogonia and reaching 
extreme intensity in the spermatids. The nuclei also contain alkahne 
phosphatase, although the dark nuclear staining apparent in figures 5, 
6 and 9 is attributable partly to the counterstain. The spermatozoa 
are also stained. In the sperm heads, seen in profile, it appears as 
though the enzyme were located in a c 3 '^toplasmic membrane enclosing 
the nucleus, because not infrequently a central nuclear area stained bj’- 
paracarmine can be faintly recognized surrounded by a brown sheath. 
It seems also as though the reaction ivere present in the cytoplasm of 
the Sertoli cells between the germinal cells, especiall}'- in the regions 
where the spermatids and spermatozoa are attached. Finally, a re- 
action is present in the cytoplasmic material which is liberated into 
the lumen of the tubules during the cytomorphosis of the spermatids 
into spermatozoa. In the shrunken tubules of June testes the reaction 
for alkaline phosphatase is considerably reduced (fig. 9). The enzyme 
is present for the most part free in the lumens of the tubules and in the 
cytoplasm of the surrounding epithelial cells. There is none in the base- 
ment membranes. In several specimens the centers of the atrophic 
tubules contained somewhat more than figure 9 indicates. 

Acid phosphatase is present in the tubules of fall testes, occurring 
both in the nuclei and cytoplasm of the cells (fig. 7). None is en- 
countered in the basement membranes. Some is present in the cyto- 
plasm of the spermatogonia, slightly more is visible in the spermato- 
cytes and still more is present in the spermatids and spermatozoa. 
The rather intense staining of the nuclei is associated mainly with the 
chromosomes. There appears to be some also in the seemingly fibrillar, 
distal cytoplasm of the Sertoli cells, as well as a widespread, faint, 
punctage reaction in the lumens of the tubules. In June testes no acid 
phosphatase has been encountered (fig. 8). 

EPIDIDYMIS 

Observations on the epididymis have been confined principally to 


Explanation of Figures 

23. Ductus epididymidis of a Japanese deer in November stained for alkaline phos- 
phatase. Section incubated in sodium glj'cerophosphatc at pH 9.4 for 6 hours. Fixation 
in chilled 80% alcohol. Figure 13 shows a detailed view of such a preparation. X140. 

24. The same from a deer killed in June, illustrating the complete absence of 
alkaline phosphatase. X140. 

25. Ductus epididymidis of a Japanese deer in November stained for acid phos- 
phatase. Section incubated in sodium glycerophosphate at pH 4.7 for 48 hours. Fi.xation 
in chilled acetone. X140. 

26. The same from a deer killed in June, illustrating the complete absence of acid 
phosphatase. X140. 

27. Ductus epididymidis of a Virginia deer in October stained for alkaline phos- 
phatase. Section incubated in fructose diphosphate at pH 9.4 for 6 hours. Fixation in 
chilled 80% alcohol. X190. 

28. A ductus efferens from the same section as the preceding, illustrating the dis- 
tribution of alkaline phosphatase. XI 90. 
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the ductus epididjonidis, but since a few of the sections have included 
some of the efferent ducts, these will be occasional!}’- nientioned. 

Ductus efididyinidis. This duct appears to vary some in different 
parts of its length. We have not investigated these differences except 
to note that the epithelium of the proximal highly convoluted portion 
of the duct possesses taller cells bearing longer and more delicate 
stereocilia (figs. 14, 29 and 30) than the distal part where the cells 
and cilia are lower (figs. 13, 23, 25 and 27). In regard to histochemical 
features no differences have been noted in these 2 regions. 

The epithelium of the ductus epididymides of the several deer 
examined contains relativelj’^ little stainable lipid. With Sudan black 
B a few stained droplets are encountered in the small basal cells, but 
there are none in the columnar cells. No noticeable seasonal differences 
in regard to lipid have been observed. 

In eosin methylene blue preparations after fixation in Zenker’s 
fluid, the outer halves of the columnar cells including the border of 
stereocilia are strongly eosinophilic. In the deeper halves of the cells 
in the nuclear region a faint bluish lavender stippling is visible, in- 
dicating the presence there of some degree of cytoplasmic basophilia. 
The cytoplasm of the small basal cells is distinctly acidophilic. 

In preparations fixed in basic lead acetate and stained with tolui- 
din blue no metachromasia is visible in the various elements of the 
epididymis, excepting numerous mast cells in the stroma, which are 
strongly metachroma tic. 

The nuclei of the columnar epithelial cells are elongated and vesic- 
ular, whereas those of the basal cells are slightly shrunken and possess 
a relatively dark nuclear membrane. In addition to these 2 types, 


Explanation of Figures 

29. Ductus cpididymiclis of a Virginia deer (Oct. 19), Fixed in Rossman's fluid 
and stained by the periodic acid-Schiff method. The basement membrane, the walls 
of the blood vessels and the mass of spermatozoa within the duct react strongly, but 
none of those relictions is prevented by exposure of the sections to saliva. Neither the 
epithelial cells nor the stcreocilia arc specifically stained. X240. 

30. Ductus opididymidis of a Japanese deer (Nov. 13) showing acid phosphatase 
in the nuclei, in the dist.al portions of the epithelial cells, in the stcreocilia, and in the 
mass of spermatozoa within the lumen. The darkly stained nuclei of migrating lympho- 
cytes are scattered throughout the epithelium. Fixed in chilled acetone. Section in- 
cubated in sodium glycerophosphate at pH 4.7 for 4S hours. Figure 14 shows a de- 
tailed view of this preparation. X240. 

31. Spermatozoa in the ductus epididymidis of a Virginia deer in October, showing 
their staining by Bodian's protargol method. Fixation in Rossman’s fluid. X1C20. 

32. Dr.awing of the same. Rossman’s fixative and Bodian’s protargol slain. X15 
ocular; X90 objective. 

33. Spermatozoa in ductus epididymidis stained nith lleidcnhain's iron-homa- 
toxylin after fixation in Rossman’s fluid. X15 ocular; X90 objective. 

34. Sympathetic ganglion in capsule of seminal vesicle stained for acid phosphatase. 
Tissue fixed in chilled acetone and section incubated nith sodium glycerophosphate at 
pll 4.7 for 4S hours. Counterstained with paracarminc. Observe the intense staining of 
the nerve colls and of the nerve fibers. XIOO. 
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small, intensely chromatic nuclei are encountered scattered irregularly 
throughout the epithelium and present also in the tunica propria. 
With methylene blue or with Feulgen’s stain these have the charac- 
teristics of the nuclei of Ijunphocytes. Some of them are surrounded 
by a clear halo of faintly stained cytoplasm. These cells are interpreted 
as being lymphocytes in proce-ss of migrating through the wall of the 
ductus epididymidis. Their nuclei contain acid phosphatase as illus- 
trated in figures 14 and 30. 

The long stereocilia, present on the cells in the proximal part of 
the epididymal duct, form bundles protruding into the lumen. The 
cilia do not possess basal bodies, but the surfaces of the columnar 
cells are equipped with terminal bars which produce a pattern of dots 
and lines indicating the cell boundaries. The terminal bars are readily 
seen after Zenker fixation and Masson’s stain. In acid phosphatase 
preparations (figs. 14 and 30) the enzyme appears to be concentrated 
in or on the substance of the bars (figs. 14 and 30). Its appearance 
might be construed as related to basal bodies but analysis of the 
situation implicates terminal bars. 

Seasonal differences in the cytology of the ductus epididynudis are 
slight, as revealed by eosin and methylene blue or Masson’s stain. The 
major difference is the absence of spermatozoa in the epididymis of 
early June. Although the duct seems to be much narrower than in the 
active period, the epithelium is quite tall and is provided with normal 
appearing cilia. The nuclei of the basal cells seem to be more con- 
spicuous than in the fall. 

Stained by the Bauer-Feulgen method the ductus epididymidis is 
negative. After staining by the periodic acid-Schiff technique its ap- 
pearance is illustrated in figure 29. The epithelial cells including the 
stereocilia are unstained. However, the basement membrane enclosing 
the duct and the mass of spermatozoa contained within the lumen are 
deeply colored. Since none of this staining is prevented by exposure to 
saliva, it is not due to glycogen. 

In preparations of the epididymis from the fall months an intense 
alkaline phosphatase reaction is encountered in the stereocilia and in 
the cytoplasm of the small basal cells which form a discontinuous 
layer on the inner surface of the basement membrane (figs. 13, 23 
and 27). The basement membrane and the well-defined muscle layer 
surrounding the duct react moderately (fig. 27). The nuclei do not 
react. The mass of spermatozoa contained in the duct lumen is very 
intensely colored (fig. 23). Alkaline phosphatase is also abundant in 
the efferent ducts (fig. 28). The reaction is intense in the basement 
membrane and in the underl 3 dng layer of muscle. On the free surface 
of the epithelium it occurs particularly on the crests of the scalloped 
folds. In June, when spermatogenesis is in abeyance, alkaline phos- 
phatase is not encountered in the epididymis. 

In the fall, acid phosphatase is also readily demonstrable (figs. 14, 
25 and 30). Its distribution is different from that of alkahne phos- 
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phatase. It occurs principally in the cell nuclei of the epididymal duct 
and does not bring out either the basement membrane or the muscle 
layer. It occurs also in the distal halves of the epididjonal epithelium 
increasing toward the surface and outlining the terminal bars with 
great sharpness (figs. 14 and 30). The stereocilia are delicately stained. 
Similarly to alkaline phosphatase, it is present in considerable con- 
centration in the mass of spermatozoa in the lumen of the ductus 
epididymidis (figs. 25 and 30). 

In June epididjmiides, on the contrary, it is practically absent, 
gudng only a faint tinge to the cell nuclei (fig. 26). 

SPERMATOZOA 

The methods used in the present study offer an opportunitj’- to 
observe certain cytochemical properties of spermatozoa. Because the 
observations are varied and numerous, they are assembled here under 
a separate heading. Insofar as we are aware, spermatozoa have not 
been hitherto examined in reference to their staining by Sudan black 
B, the periodic acid-Schiff method or Bodian’s protargol method. The 
spermatozoa were available for examination in fixed sections of both 
testis and epidid}mus. 

iSttc/an black B. With this dye the sperm heads appear to be faintly 
stained, indicating the presence of a lipid component (figs. 1 and 2) 
which, it seems reasonable to believe, may be contained in the sheath 
surrounding the head. 

Schiff’s plasmal reaction. By this method the spermatozoa remain 
unstained. Since this reagent, as Ave haA-^e used it, stains lipids of the 
interstitial tissue very distinctly (fig. 11), there is no apparent reason 
to doubt the validity of the negative finding for the spermatozoa. This 
qualifying statement is added because JMarza (’31) has described a 
diffuse staining of spermatozoa in A^arious mammals by the “plasmal 
or aldehyde reaction of Feulgen,” a finding which aa’c are unable to 
confirm. 

Glycogen. Glycogen is not demonstrable in the spermatozoa of deer 
by either the Bauer-Feulgen or periodic acid-Sclfiff reactions. With 
the use of iodine, appUed in 2 different Avays, Marza (’31) claims to 
have found small quantities of glycogen in the middle piece of the 
spermatozoa of various mammals. 

Periodic acid-SchiJff method. This method colors the sperm heads 
quite distinctly (figs. 3 and 16), but does not stain the middle pieces 
or tails. The staining of the head of the spermatozoon is quite probably 
related to the staining of the acroblast and acrosome of the .spermatids 
of the preceding stages (fig. 15). Since this staining of the germinal 
cells is not influenced by the use of saliva, it cannot be attributed to 
glycogen. Moreover, since none of these elements of the cells reacts 
luetachromatically Avith toluidin blue, an acid mucopolysaccharide 
does not appear to be iiu'olved. A substance of unknoAvn composition 
suggests itself, in Avhich, upon oxidation AAith periodic acid, exposed 
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aldehyde radicles become stained by Schiff’s reagent. Gersli (’48) has 
recently announced that the Golgi apparatus of cci’tain cells contains 
a glycoprotein which gives a periodic acid-Schil'f reaction. The material 
of the Golgi apparatus is known to become incorporated into Ihc 
acroblasts and acrosomes (cf. Metz, ’82), and it may be for that reason 
that these structures give a positive reaction. Since during subsequent 
cytomorphosis of the spermatid.s part of the material of the acroblast 
is cast off while other parts become a.ssociated with the s])erm head, 
account would also be taken of the Schilf positive reactions of these 
2 derivatives. 

Basophilia. The condensed chromatin of the heads of the sper- 
matozoa stains intensely with basic dyes (figs. 1G and IS) and by the 
Feulgen method (fig. 17). ]3asophilia is confined exclusively to the 
head of the spermatozoon (fig. 20) and coincides exactly, it appears, 
with the nuclear area of condensed chromatin which gives the specific 
Feulgen reaction for desoxyribonucleic acid. Accordingly, cytoplasmic 
basophilia attributable to ribonucleic acid appears to be lacking. Nor 
is there any metachromasia visible after fixation in basic lead acetate 
and staining with toluidin blue. Stained with Masson’s mixtui'C of 
acid dyes, the nucleus is faintly colored with orange G, and the middle 
piece and tail with light green (fig. 19). The middle piece and tail have 
a strong affinity for acid dyes, as is iUustrated further by sj)ecimcns 
stained with a mixture of eosin and methylene blue (fig. IS). 

Phosphatases. The masses of spermatozoa within the lumen of the 
epididymis exhibit very intense I'eactions for both acid and alkaline 
phosphatases (figs. 23, 25 and 30). Examined under higher magnifica- 
tion the individual spermatozoa are much paler, but reveal nevertheless 
a distinct complement of both acid and alkaline jihosphatascs (figs. 21 
and 22). The 2 enzymes appear to be present tlu’oughout the length 
of the spermatozooji but the}'’ differ in character iii some slight respects. 
When prepared for alkaline phosphatase, the anterior half of the 
spermatozoon heads is stained more darkly than the posterior portion, 
whei’eas with acid phosphata.se the revej’se is true. Moreover, in the 
acid pho.sphai.ase preparations there .seems l.o be a. gap in the region of 
the neck i)icce where enzyme is lacking, whei’cas witli alkaline phos- 
phatase (fig. 22) the necks arc .stained. It is difficult to decide whether 
these enzymc.s are localized principally in the intei'ior of the .sper- 
matozoa or mainly on their siu’faces. Since alkaline pho.sphata.se ap- 
pears to be associated with the surface of the cells of bol.h duct, us 
epididymidis and ductuli efferentes (figs. 27 and 28), it is po.s.siblc that 
the phosphatase associated with the .spermatozoa may also be located 
on or in the surface layer. Indeed, it is sometimes evident, in .sper- 
matozoa seen in profile, that the paracarminc-stained nucleus of the 
head is en.sheathed I)}'- a layer containing alkaline phosphatase. On 
the other hand, since acid phosidnitase appears definitely to Ije a com- 
ponent of the nuclei of the antecedent spermatids, it scorns probable 
that it is also located inside the nucleus of the .spermatozoa. 
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Bodian’s protargol method. By this technique the heads of the 
spermatozoa are veiy sharplj’’ stained (figs. 31 and 32). The acrosomic 
cap (galea capitis), which has the appearance of a thin, structureless 
membrane coveiing the anterior two-thirds of the head, is grey. Its 
posterior border forms a faint curved line across the head. The pos- 
terior nuclear cap covering the caudal third of the head is intensel}’' 
impregnated with silver. Between the edges of the anterior and pos- 
terior caps a narrow, unstained, lens-shaped field is ^dsible through 
which the eye detects the transparent interior of the head. Spermato- 
zoa viewed in profile illustrate further the intenselj'' black posterior 
cap, the faintlj'^ stained anterior cap and the unstained intervening 
zone (fig. 32) Posteriori}'-, the head terminates in a concave edge which 
coincides exactly with the border revealed by the Feulgen method or 
toluidin blue (cf. figs. 17 and 20). Occasionally the body and tail of 
a spermatozoon are just barel}’’ perceptible. 

Heidenhain’s iron hematoxylin. By this stain all parts of the sper- 
matozoon excepting the neck are brought out (fig. 33). It reveals the 
topography of the sperm with much the same clarit}’- as with eosin- 
methylene blue or Masson’s triple stain (figs. IS and 19). By all three 
of these methods a pyramidal-shaped, unstained area of the neck 
piece is ^dsible just caudad to the concave posterior border of the head. 

SEMINAL VESICLES 

The accessory male sex glands of deer ha^’■e not been identified or 
investigated in the present study, except for a pair of glandular organs 
situated near the base of the bladder. From their location and Iiis- 
tology, we regard these structures as being seminal ^-esicles. Each 
consists of a firm, tortuous, glandular mass compactly ensheathed by 
connective tissue. Each varies from 2 cm. in length, in the sexually 
inactive period, up to 3 or 4 cm. in the fall, and has a diameter of about 
1 cm. 

The seminal vesicles undergo pronounced seasonal histological 
changes (Wislocki, ’43). In June thej" present numerous small ah'eoli 
lined b}" relatively low cells. At this time the connective tissue stroma 
between the shrunken alveoli is relatively abundant. In the lumens of 
the acini, in this month, there is a small amount of seemingly inspis- 
sated secretion consisting principally of an amorphous, brownish-black 
substance. By October the gland is very much altered: the lumina are 
much enlarged and are filled with a copious globular and granular 
secretion which has replaced the scanty, brown secretion of the in- 
active period. The epithelial cells have become exceedingly tall, from 
an average of IS to 20 n in June having attained a height of about 40 /i. 
With the great enlargement of the acini the stroma has become 
stretched and thinned out and has assumed a more complex branching 
pattern. To the general histological features noted on a pre\'ious 
occasion (Wislocki, ’43), the present study adds a few additional 
observations derived from liistochemical methods. 
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Lipids are abundant in the epithelium of the fall seminal vesicles. 
In the Virginia deer the character of the lipid material is illustrated 
in figure 38. Minute sudanophilic particles are present in extreme 
amounts in the supranuclear and intranuclear regions of the cells. In 
a Japanese deer from the same period the character of the fat differs 
somewhat from that seen in the Virginia deer. Instead of a multitude 
of minute particles, the lipid occurs in the main in somewhat larger 
droplets located principally in the infranuclear region. In June testes 
sudanophil material is also present in the characteristic pattern for the 
species but in lesser quantities. 

Cytoplasmic basophilia is not a feature of the epithelium of the 
seminal vesicles. Instead, the cytoplasm of the cells has a strong affin- 
ity for acid d 3 ''es. 

After fixation in basic lead acetate and staining with toluidin blue, 
no metachromasia is visible, except for mast cells which are extremelj’’ 
numerous in the stroma. The granules of these cells are stained a deep 
purple. 

There is some gljTOgen in the seminal vesicles, demonstrable by 
the Bauer-Feulgen and periodic acid-Schiff methods as checked by 
saliva controls. In specimens from the fall months it is present in the 
secretion in the lumens of some of the acini as well as also in the cyto- 
plasm of some of the epithelial cells. In June specimens none is found 
free in the alveoli, but some is present in the cytoplasm of many of the 
epithelial cells. 

Acid and alkaline phsophatases occur in the seminal vesicles. In 
the October gland alkaline phosphatase occurs abundantl}' at the 
distal margins of the epithehal cells, in the secretion filling the lumens 
and in the interacinar stroma (fig. 35). The apparent staining of the 
epithelial nuclei in the photograph is due to the use of paracarmine 
as a counterstain and not to phosphatase. In June much less alkaline 


Explanation of Figures 

35. Seminal vesicle of Virginia deer in October showing the reaction of alkaline 
phosphatase. Tissue fixed in chilled 80% alcohol and section incubated with sodium 
glycerophosphate at pH 9.4 for 0 hours. Counterstained witii paracarmine. Observe 
the intense phosphatase reaction in the secretion, at the distal borders of the colls and 
in the stroma. The apparent staining of cell nuclei is due solely to the counterstain. 
X140. 

30. Seminal vesicles of Virginia deer in June for comparison vith the preceding 
showing the reaction of alkaline phosphatase. Section prepared by the same technique 
ns the preceding one. Observe in the June testes that the .acini are smaller and the 
epithelium lower, and that there is little secretion in the lumens. The phosphatase reac- 
tion is limited to the distal ends of the epithelial cells. The nuclear reaction seen in this 
section is due solely to the counterstain. X140. 

37. Seminal vesicle of a Japanese deer in November stained for acid phosphatase. 
Tissue fixed in chilled acetone and section incubated in sodium glyc('rophosphatc at 
pll 4.7 for 48 hours. Counterstained with p.aracarmine. The reaction of acid phos- 
phatase, in contrast to that of .alkaline phosph.ataso (fig. 35), is located principally in 
the nuclei. The nuclei arc an intense brown or tan in the original preparation. X140. 

38. Semin.al vesicle of ^'irginia deer in October. Frozen section of a formalin-fuced 
gland stained for 7 minutes with Sudan black B. Finely dinded sudanophil material is 
abundantly present in the epithelium in both supra- and infranuclc.ar positions. X220. 
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phosphatase is present (fig. 36). The shrunken gland lumens are for 
the most part empty, except for scattered masses of inspissated 
brownish secretion. A faint alkaline phosphatase reaction occurs in 
the distal cytoplasm of some of the epithelial cells and this becomes 
more intense along the free surfaces of the cells in some alveoli. In 
this photograph, too, the dark coloration of the nuclei is attributable 
to counterstaining with paracarmine. It is apparent that the October 
gland is richer in alkaline phosphatase than the June one. 

Acid phosphatase is also present in the seminal vesicles, but, con- 
trary to alkaline phosphatase, it is localized almost entirely in the 
nuclei of the epithelial cells (fig. 37). The darkly stained nuclei in the 
photograph are intensely brown or tan in the original preparation, in 
contradistinction to the nuclei of figures 35 and 36 which are red or 
pink in the original sections due to staining with paracarmine. Besides 
the acid phosphatase in the nuclei of the epithelium, there is a lesser 
amount of enzyme in the nuclei of the stroma. In the seminal vesicles 
of a June deer the acid phosphatase reaction is very much fainter. 

In one of the fall specimens several sympathetic ganglia and a 
number of nerve bundles were encountered in the capsule of the semi- 
nal vesicles. The ganglion cells and the nerve fibers show intense re- 
actions for acid phosphatase (fig. 34). 

SUMMARY AND CONCLUSIONS 

The testes, epididymides and seminal vesicles of deer undergo 
seasonal changes. In the present investigation these organs are com- 
pared in their active and inactive states with reference to lipids, 
steroid hormones, glycogen and acid and alkaline phosphatases. 

The cells of the interstitial tissue in the fall contain lipid droplets 
which are sudanophil and birefringent, give a positive plasmal re- 
action, exhibit yellow fluorescence and are soluble in acetone. The 
combination of these reactions indicates that steroid hormones are 
formed in the interstitial tissue. In June testes these reactions are 
much less intense. 

The interstitial cells contain traces of alkaline phosphatase and a 
little cytoplasmic basophilia, but no glycogen. The walls of the arteri- 
oles and tlie basement membranes surrounding the seminiferous 
tubules are rich in alkaline phosphatase but this disappears in the 
inactive period. 

The cells of the seminiferous tubules of the active fall testes con- 
tain large amounts of both acid and alkaline phosphatases. Alkaline 
phosphatase is present in the c 3 d;oplasm of the germinal cells, being 
particularly intense in the spermatids. The nuclei are less deeply 
stained. Acid phosphatase occurs in both nuclei and cytoplasm of the 
germinal cells, the cytoplasmic reaction reaching maximum intensity 
in the spermatids. Both acid and alkaline phosphatases appear to 
be present in the cjdoplasm of the Sertoli cells, and they occur also 
in the cytoplasm cast off from the spermatids into the lumen of the 
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tubules. In June these enzymes are much decreased. 

Glycogen occurs in some of the Sertoli cells in active testes, while 
in inactive ones it is present in manj’’ of the tubular lumens. The 
acroblasts and acrosomes of the spermatids, as well as the heads of the 
spermatozoa, are stained red by the periodic acid-Schiif method, a 
reaction not prevented by the use of saliva and indicative of a glyco- 
protein. 

The cytoplasm which is cast off by the spermatids contains lipid 
droplets, basophilic substance, alkaline and acid phosphatases, and a 
glycoprotein which reacts with the periodic acid-Schiff reagents. 

The cells lining the ductus epididjonidis contain both acid and 
alkaline phosphatases. The former is localized principall3’' in the nucle- 
us, distal cytoplasm and cihated border of the columnar cells. The 
enzyme delineates the terminal bars at the surfaces of the cells. Alka- 
line phosphatase is localized in the ciliated border of the columnar 
cells and in the cytoplasm of the small basal cells. Ljunphocytes, 
whose nuclei contain acid phosphatase, are seen migrating through 
the epithelium of the ductus epididymidis. 

The spermatozoa exhibit various reactions. Their heads, besides 
being stained bj'' the periodic acid-Schiff technique, are faintly stained 
bj’’ Sudan black B. Both acid and alkaline phosphatases occur in the 
spermatozoa. The latter seems to be present in the cytoplasmic sheath 
covering the head. By Bodian’s protargol method the heads are verj-- 
sharply delineated: the anterior head cap stains grey and the posterior 
cap black, with a narrow intervening zone which is unstained. 

Seasonal changes, in reference to size and secretorj’- acti%'it3’-, are 
noticeable in the seminal vesicles. The seasonal distribution of acid 
and alkaline phosphatases, lipids and glycogen in these glands is 
brieflj'- described. 
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EARLY EFFECTS OF TESTOSTERONE PROPIONATE 
ON THE SEMINAL VESICLES 
OF CASTRATE RATS'-^ 
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The long term effects of administered testosterone to castrate 
animals are well known. The synthesis of proteiji, the rise ip acid 
phosphatase of the prostate gland (Huggins, et al. 1939), and the 
marked production of fructose in the seminal vesicles (Mann 1946a, 
1946b) are well-recognized biochemical changes. Some histological 
studies have been carried out after the androgens have acted for short 
periods of time. Tislowitz (1939), using colchicine, demonstrated that 
profuse mitoses in the seminal vesicles of castrate mice occurred about 
24 hours after the injection of testosterone. Burkhart (1939, 1942) has 
shown that testosterone propionate initiates hypertrophy of the cells 
in the prostate of the castrate rat 23 hours after injection, and cell 
division in 36 hours. The relation of these morphological changes to the 
biochemical phenomena, however, has not been explored. Experi- 
ments were therefore designed to determine at what time alterations 
in certain biochemical reactions appeared after injection of testos- 
terone propionate. 

METHODS 

Male rats from Sprague-Dawley, Inc. were castrated when 30 to 33 
days old. The preparation described by Haj'^s and Mathieson (1945) was 
used, since they demonstrated that the seminal vesicles of these castrate rats 
exhibited the same increase in weight Avhen the animals were injected with 
1 mg. of testosterone propionate at any time from 7 to 350 days after 
castration. The treated rats were injected subcutaneously with a single dose 
of 1 mg. of testosterone propionate in 0.2 ml. of sesame oil. The seminal 
vesicles were weighed on a Roller-Smith microbalance immediately after 
their removal from the animal. The water content of the glands was deter- 
mined by diying the tissues to a constant weight at 85°C. to 90°C., the baro- 
metric pressure usually being about 630 mm. mercurjL The chloride content 
was determined bj'' the micro-diffusion method described by Clark, Levitan, 
^Gleason, and Greenberg (1942). The chloride which diffuesd into the potas- 
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sium hydroxide was then determined bj’- the iodometric method of Van 
Slyke and Hiller (1947). The sodium content of the glands was determined 
by the method of Leva (1940). This procedure was carried out in the cold 
room (temperature about +2°C.). The oxj^gen consumption was measured in 
the "Warburg apparatus at 37°C. The tissues were kept in ice-cold buffer 
solution from the moment of weighing the glands. The glands were homoge- 
nized and the protein precipitated with trichloracetic acid. Aliquots of the 
protein-free filtrate were used for the fructose determinations. The fructose 
content of the seminal vesicles was determined by the method of Eeinecke 
(1942). 

RESULTS 

Greene and Burrill (1940) noted an increase in the weight of the 
seminal vesicles 24 hours after injection. A maximum response to a 
dose of 1 mg. occurs 96 hours after injection (Hays and Mathieson, 
1945). The data in Table 1 indicate that the increase in weight of the 
seminal vesicles of castrate rats 10 hours after the injection of testos- 
terone propionate is significant as also are those 15 and 20 hours 
after injection. The calculation of an "overall t value” for the 5 groups 
of animals 10 hours after injection gives a value of 8.46, which is very 
highly significant. 

Table 1. Effect of testosterone propionate on the weight 
OF the seminal vesicles of the castrate rat 


Hours 

after 

injection 

No. of 
rats 

Average weight 
of glands 
with S. E. 

Average weight 
of glands from 
control rats 
with S. E. 

Difference 
of average 
weights 

t 

P 

5 

5 

mg. 

6.70+0.30 

mg. 

6.33 ±0.25 

mg. 

0.37 

0.91 

0.4 

10 

30 

8.67+0.21 

7.33+0.15 

1.30 

4.84 

<0.01 

10 

16 

7.17+0.25 

6.44+0.22 

0.73 

2.18 

0.05 

10 

21 

8.04+0.18 

6.09±0.17 

1.05 

4.20 

<0.01 

10 

24 

7. 66 ±0.17 

6.65 ±0.17 

1.01 

4.31 

<0.01 

10 

21 

7.45±0.17 

6.69±0.17 

0.76 

3.20 

<0.01 

15 

5 

7.60±0.35 

6.33+0.25 

1.33 

3.18 

0.02 

20 

36 

9.53+0.22 

6.63±0.17 

2.90 

10.53 

<0.01 


The data summarized in Table 2 show that the water content of 
the seminal vesicles is significantly increased 10 hours after the in- 
jection of the hoimone. There is a small, insignificant decrease in 
chloride concentration. The water content 20 hours after injection is 
greater and is accompanied bj'- a significant^^ decreased concentration 
of chloride. There is also a decreased sodium concentration 20 hours 
after the administration of testosterone propionate. 

Table 3 gives the distribution of the water in the seminal vesicles 
of castrate rats before and after the administration of the androgen, 
based on the analjdical data in Table 2. The increase in the “chloride 
space” at the 10-hour period was 14%. The "non-chloride space” 
increased 26% during the same period. At the 20-hour period the 
increases were 22% and 97%, respectively. The increases in "sodium 
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Table 2. Effect of testosterone propionate on the water content, chloride 
AND SODIUM OF THE SEMINAL VESICLES 



No. of 
groups 
of four 
rats 
each 

Control 

Average 
with S.E. 

Ten hours 
after in- 
jection 

Average 
with S.E. 

Twenty hours 
after in- 
jection 

Average 
with S.E. 

t 

P 

% water 

6 

80.8+0.15 

82.1 ±0.18 


5.49 

<0.01 

% water 

7 

79.7+0.64 


82.0 ±0.44 

2.96 

0.02 

Chloride, meq./l. 

6 

86.9 + 1.41 

85.6+1.09 


0.74 

0.5 

tissue water 

2 

91.4±3.10 


80.9 ±0.45 

4.22 

0.05 


3 

95.1 +2.52 


82.8±1.26 

4.31 

0.02 

Sodium meq./l. 

2 

135.5±1.5 


115.0±3.2 

5.35 

0.02 

tissue water 



(3 groups of rats) 



space” and "non-sodium space” at the 20-hour period were 17% and 
142%, respectively, With these calculations of "chloride space” and 
"sodium space” it is evident that the gland during the first 20 hours of 
growth incorporates most of the increased water into the cell contents. 

With the increase in cell volume there is an accompanying in- 
crease in the organic constituents. In Table 3 it can be seen that the 
dry weights of the glands increased 6.4% during the first 10 hours and 
22% during the first 20 hours. While there was a small increase in the 
amount of inorganic ions, these would not account for more than 10% 
of the change ; the greater part of the gain must have been in organic 
compounds. 

The data obtained from a number of experiments on the oxygen 
uptake of the seminal vesicles of castrate rats before and after treat- 
ment with testosterone propionate are shown in Table 4. When the 
oxygen consumption was measured with no added substrate the Qoj of 
the seminal vesicles from the animals trea;ted with the hormone for ten 
hours was 5.37 and the Qo, of the glands of the untreated castrate con- 
trols was 4.21. The difference was statistically significant. The Qoj for 
the seminal vesicles 20 hours after the injection of testosterone pro- 
pionate and for slices of seminal vesicles from normal mature rats did 
not differ significantly from that found 10 hours after injection. The 


Table 3. Effect of testosterone propionate on the distribution 
OF WATER in THE SEMINAL VESICLES 



^ Weight of 
Seminal 
Vesicles^ 

Dry 

weight 

Water 

“Chlo- 

ride 

space”” 

"Non- 

chloride 

space” 

“Sodium 

space”’ 

“Non- 

sodium 

space” 


mg. 

mg. 

mg. 

mg. 

-mg. 



Control 

26.59 

5.13 

21.46 

16.1 

5.4 



Inj. 10 hours 

30.63 

5.46 

25.17 

18.4 

6.8 



Control 

27.61 

5.16 

22.45 

17.6 

4.8 

18.9 

3.6 

Inj. 20 hours 

37.17 

6.30 

30.87 

21.4 

9.5 

22.2 

8.7 


' Total weight of the glands from four animals. _ -j • * 

^ Calculated from chloride values in Table 2, assuming all of the chloride is extra- 


OCIiUiai. • 11 T • 4. 

5 Calculated from sodium values in Table 2, assuming all of the sodium is extra- 
cellular. 
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metabolic state of the gland is increased soon after the adminsitration 
of the hormone, and this level apparently persists as long as the hor- 
mone is present. 


Table 4. Effect of testosterone on the qoi of the seminal vesicles 


No. of 
deter- 
minations 

Substrate 

Hours 

after 

injection 

Qo.* 

Qo,*of , 
controls 

Differ- 

ence 

t 

P 

2 

glucose 

5 

3.0 

3.2 

-0.2 



23 

noBC 

10 

5. 37 ±0.23 

4.21 +0.23 

1.16 

3.52 

<0.01 

7 

glucose 

10 

5.58+0.54 

3.85+0.38 

1.73 

2.60 

0.02 

10 

sodium 

succinate 

10 

6.79+0.18 

5.51 ±0.26 

1.28 

3.78 

<0.01 

7 

glucose 

-fsodium 

succinate 

10 

6.59+0.46 

5.65 ±0.85 

0.94 

0.97 

0.4 

4 

glucose 

20 

5.24+0.18 

3.01 +0.28 

2.23 

6.76 

<0.01 

4 

glucose 

slices of 
gland from 
mature rat 

5.66±0.45 

3.00 ±0.46 

2.66 

4.07 

0.02 


♦ c. mm. Oj per mg. dry weight per hour. 


I^Tien glucose was added as substrate there was no appreciable 
change in the Qoj of either the treated or the untreated groups; the 
difference between the two groups was again significant. 

^^Tien sodium succinate was added, however, the oxj’’gen uptake of 
each group showed an increase of similar order; the Qo. of the seminal 
vesicles of the injected group remained significantly higher than that 
of the controls. "i^Tien both glucose and sodium succinate were added 
the results were similar to those with succinate alone. 

It was found that the addition of sodium fumarate did not in- 
crease the Qoj of either the treated or untreated glands. This unex- 
pected result was followed by experiments on the inhibition of oxygen 
uptake by sodium malonate. The addition of sodium malonate caused 
a 43% decrease in the Qo, of the control glands, and a 37% decrease in 
the Qo, of the treated glands (Table 5). The addition of O.OIM sodium 
fumarate to the system inhibited by the malonate did not affect the 
oxygen uptake. 

In two experiments on anaerobic glycolysis it was found that the 
amount of acid produced Avas similar for the seminal vesicles from the- 
treated and the untreated animals. The Qc6, for the glands from the 
animals injected 10 hours before sacrificing was 7.5 and the Qco. of the 

Table 5, Effect ok sodiu.m .malonate on the Qo, of the tre.vted 
AND untreated SEMI.NAL VESICLES 

Effect of the fiddition of sodium fumarate to the malonatc-inhibitcd system 


Qo. Qo, with malonate 


Control 

4.2 

2.4 

2.7 

Injected 

6.0 

4.0 

3.7 


6.3 

3.8 

3.5 
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untreated controls was 7.0. These results indicate that the hormone 
does not alter the anaerobic glycolysis of the seminal vesicles to an}-- 
marked degree. 

In Table 6 the data show that the level of fructose in the seminal 
vesicles of the untreated castrate rats was lower than the level found 
10 or 20 hours after the injection of testosterone propionate. In order 
to ascertain whethm* or not the increased fructose preceded the in- 
creased oxygen uptake, determinations were made at 5 hours and 8 
hours. It was found that approximately the same level existed at these 
times as in the untreated gland. The increased fructose level is, there- 
fore, found at the same time that the increased oxygen consumption is 
obtained. This would indicate a possible relation between the two 
processes. 


Table 6. Effect of testosterone propionate on the fructose 

CONTENT OF THE SEMINAL VESICLES 


No. of Fructose mg./lOO gm. 

. determinations tissue 

Control 

4 

9.1 

Injected 5 hours 

2 

7.3 

Injected 8 hours 

2 

9.9 

Injected 10 hours 

3 

15.2 

Injected 20 hours 

1 

15.7 


DISCUSSION 

From the results of these experiments it appears that the primary 
effect of testosterone is on the intracellular metabolism of the seminal 
vesicles. A definite shift in the metabolic pattern, demonstrated by an 
increased oxygen consumption per unit weight of tissue, occurs as 
earlj’' as any measurable change in weight or shift in water and electro- 
lytes. Once this has occurred, the ncAV tissue which is formed also has 
this metabolic pattern since the oxygen consumption per unit weight 
of gland remains about the same even in the gland of the mature male. 

The change in fructose concentration in the gland paralleled the 
change in oxygen consumption. In the uninjected animal and at 5 and 
8 hours after injection the concentration was similar to the upper 
range of normal plasma concentrations. It then rose abruptly at 10 
hours to a level which was markedly above those reported for plasma; 
this was maintained at 20 hours after injection. Similar values are 
given by Mann (1946b) for the mature rat prostate and seminal 
vesicle. Since the pattern of change of oxygen consumption and fruc- 
tose concentration with time parallel each other it is probable that the 
two are associated phenomena. 

The increase in intracellular water is probably the result of the 
accumulation of smaller, poorly diffusible molecules in the cell under 
the influence of the metabolic change. Fructose is one such molecule; 
it apparently does not passively diffuse from the seminal cells since the 
levels are markedly higher than the circulating fluids. This is par- 
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ticxilarly marked in the bull and ram where levels are 5 to 10 times the 
total reducing sugar level of the plasma. Even in man the levels in 
sen'dnal plasma may be above 200 mg. per 100 cc. (Mann 1946b). 
Other molecules may also contribute to the osmotic change. 

The effects of testosterone on the seminal vesicles contrast with 
those of another steroid, estradiol, on the uterus. The weight gain of 
the uterus after the injection of estrogen is not continuous. According 
to Astwood (1938), 6 hours after estrogen administration the weight of 
the uterus reached a first maximum followed bj-^ a decrease in weight 
between the sixth, and twelfth hours, with a subsequent gain to the 
maximum response at 30 hours. The weight gain of the uterus at 6 
hours was due almost entirely to an increase in water. Talbot, Lowry, 
and Astwood (1940) calculated from the electrolyte content of the 
uterus before injection, at 6 hours, and at 30 hours, that 80% of the 
fluid increase at 6 hours was extracellular, and that the fluid pattern 
of the unstimulated uterus again existed at 30 hours, the time of 
maximum weight gain. Hechter, Krohn and Harris (1941, 1942) re- 
ported a change in the permeability of the uterine capillaries soon 
after the injection of an estrogen. 

At 6 to 12 hours after the injection of estrogen Kerly (1937) 
reported a slight increase in the anaerobic glycolysis of the uterus with 
a greater increase at 24 hours. The oxygen uptake of the uterus was 
significantly greater 36 hours after estrogenic stimulation (Kerly 1940). 
Carroll (1942) found a significant increase at 24 hours with a further 
increase at 45 hours. Apparently the first effect of estrogens ig to 
change the fluid enxdronment of the cell, after which the metabolic 
actixdty induced by these changes restores the normal distribution of 
fluid and electrolytes. This is in contrast to the androgen here studied, 
which appeared to act directly on the organic metabolism of the 
glandular cells ; this, in turn, led to shifts in cells, water and electrolytes. 

The first effect, histologically, of testosterone propionate on the 
senunal vesicles of the castrate rat that has been reported is hj’^per- 
trophj' (Burkhart 1942). An enlargement of the cells of the glands was 
noted 23 hours after the administration of the hormone, wlule in- 
creased mitotic activity could not be demonstrated until the 31 to 
35-hour interval. Hays and Matliieson (1945) have shown that the 
maxinmm weight response to a single dose of 1 mg. of testosterone 
propionate occurred at 96 hours. The changes which we have observed 
are those, then, of the hjTJertropliic period. 

While these studies did not involve the period of most rapid mitosis 
there is good reason to think that the multiplication of cells is a sequel 
of the primary metabolic sliift, and does not involve marked new 
changes. As already mentioned, the oxygen consumption and fructose 
production of the mature gland do not differ markedly from those 
found 10 hours after injection. The increase in orgairic matter during 
the early period also indicates that synthesis is already accelerated. 

The effects of testosterone on the metabolic pattern of the seminal 
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vesicles and prostate appear to be simijar. Barron and Huggins (1944) 
found that the anaerobic glycolysis of the prostate of the castrate 
dog was the same as that of the prostate of the normal dog and of the 
gland of the castrate dog that had received testosterone propionate 
for 30 days. They concluded that testosterone regulates the oxidative 
phase of carbohydrate metabolism since the Q 02 of the prostates of 
normal dogs and of injected castrate dogs was higher than the Qoj of 
the glands of the untreated castrate dogs. Similarly the change in the 
seminal vesicles appears oxidative, the anaerobic metabolism remain- 
ing relatively constant. 

SUMMARY 

Ten hours after the injection of testosterone propionate into 
castrate rats the Qoj, weight, intracellular water, and fnictose content 
of the seminal vesicles were increased. The Qoj of the glands 20 hours 
after injection and the Q 02 of normal mature glands were similar to the 
Q 02 at 10 hours. The fructose content also rose between the fifth and 
tenth hours; thereafter this concentration was maintained. The meta- 
bolic effects seem primary. The continued growth of the seminal vesi- 
cles and the further increase of the intracellular volume were probably 
secondary effects of the hormone since the increased oxygen uptake 
could furnish the energy necessary for synthesis and the alteration of 
fluid distribution probably was the result of increased intracellular 
osmotic pressure. 

The anaerobic metabolism of the seminal vesicles was unchanged 
after the injection of testosterone propionate. Succinate as substrate 
increased the Q 02 while the addition of glucose or fumarate had no 
effect. 
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NOTES AND COMMENTS 

HISTOCHEMICAL CHANGES IN THE ADRENAL CORTEX 
OF THE RAT IN ALLOXAN DIABETES 

Bennett and Koneff ('46) have shown recently that the adrenal cortex 
enlarges and contains increased quantities of lipid in rats made diabetic by 
injections of alloxan. Various considerations led these investigators to con- 
clude that the adrenal changes were caused by the diabetic state and could 
not be ascribed to the toxic effects of alloxan. 

A number of histochemical reactions for lipid substances are now avail- 
able. Among these are several procedures which offer presumptive evidence 
for the presence of ketosteroids, since positive reactions are obtained in all of 
the endocrine glands which produce steroid hormones (cf. Demspey and Wis- 
locki, ’46), and since changes in the intensity of these reactions accompany 
altered phj'siological activity of the adrenal cortex (Deane and Greep, ’46). 
The increased lipid in the adrenal cortex observed by Bennett and Koneff 
might represent a change in the steroid content of the gland. Accordinglj’’, it 
was decided to apply the group of histochemical reactions to the adrenal 
glands of rats made diabetic by alloxan in an attempt to determine whether 
or not the increased lipid reflects a similar change in steroids. 

MATERIAL AND METHODS 

Adult rats of the Long-Evans strain, weighing 130 to 150 grams, were 
used. In addition, one experiment was done on rats of the Sprague-Dawley 
strain. The diet consisted of Purina fox chow. All animals received intraperi- 
toneal injections of alloxan (200 mg./kg.) on each of two successive days. 
Blood sugar determinations by the method of Folin and Svedberg (’30) were 
made at autopsy. The blood sugar values from all diabetic animals ranged be- 
tween 275 and 620 mg. per cent. 

Paralleling the experiments of Bennett and Koneff, one group of rats, 
consisting of diabetic animals and their uninjected controls, was killed 72 
hours after the first injection of alloxan. A second group was ^killed 3 weeks 
later. At autopsy, the adrenal glands were weighed and fixed in 10% formalin. 
The glands were washed for several hours in running water and frozen sec- 
tions were cut at 15 ji. One section was mounted unstained for study of 
fluorescence and birefringence and others were stained with sudan IV and 
with the Schiff reagents. Similar sections were extracted with acetone and 
subjected to the same procedures. 

RESULTS 

The adrcnsils of the diabetic rats were consistently larger than those from 
the corresponding controls. The increase in size was similar to that found by 
Bennett and Koneff. It was reflected histologicallj' by a thickening of the 
zona fasciculata. The zona glomcrulosa remained essentially unchanged. 

At. 72 hours, the zona fasciculata of the Long-Evans rats e.xliibited an 
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increased sudanophilia throughout its entire extent. The fat-free transitional 
zone between the glomerulosa and fasciculata was whol^'’ or partially" oblit- 
erated. Increased numbers of finely divided birefringent particles were 
observed in the fasciculata. These deposits were especiall}’’ heavy in the outer 
half of the layer, but were present in the cells bordering upon the reticularis 
as well, although in lesser concentrations. The Schiff reaction was also more 
intense and extended deeper into the cortex than did that observed in the 
adrenal glands of control animals. Two of the glands from this group exhibited 
an intensified and broadened zone of green fluorescence in the fasciculata, 
but the remaining two were indistinguishable from the normal control 
glands. 

Three weeks after the injection of alloxan, similar but less marked changes 
were visible. Two of the 7 experimental animals exhibited an increased sudan- 
ophilia of the adrenal cortex. Increased numbers of birefringent particles were 
seen in 5 of these animals. The Schiff reaction was intensified in 6. Four of 
the 7 adrenals exhibited more intense and broader zones of fluorescence in 
the fasciculata than did the control glands. 

An almost exactly opposite result was obtained in the group of rats of 
the Sprague-Dawley strain. This group, also killed 3 weeks after the injection 
of alloxan, exhibited marked reduction in the lipids of the fasciculata as 
judged by all of the reactions. 

In general, the results show a good correspondence among the various 
histochemical tests as well as between the blood sugar level and the magni- 
tude of change in the appearance of the adrenal. The sudanophilia, however, 
seems to be more variable than are the results from the other methods. 
Several examples exist in which little alteration in sudanophilia occurred in 
adrenals exhibiting marked changes in birefringence, fluorescence and in the 
Schiff reaction. This result is in keeping with other observations on the adre- 
nal gland (Bennett, ’40) and ovarj'- (Dempsey and Bassett, ’43) in which un- 
der various conditions the amount of lipid present does not parallel the 
amount of material exhibiting steroid reactions. 

DISCUSSION 

The data presented above indicate that the lipid, present in increased 
quantities in the adrenal glands of alloxan-diabetic rats, exhibits enhanced 
reactions for -ketosteroids. The adrenal cortex is now known to elaborate 
many specific steroid substances, and the present methods provide no means 
of distinguishing which particular compounds are involved. However, one 
clue exists which indicates that the carbohj^drate-regulating, rather than the 
salt-conserving, principle of the adrenal is the one affected. This clue comes 
from the work of Deane and Greep (’46) who have shown that experimental 
situations causing a modified output of the carbohj'^drate-regulating hormones 
are associated with histological and histochemichl changes in the zona fasci- 
culata. Converselj’’, alteration of the electrolyte balance causes changes 
confined to the glomerulosa (Deane, Shaw and Greep, ’48). These experi- 
ments lead to the thought that the carbohydrate- and salt-regulating hor- 
mones of the rat’s adrenal are separatel 5 ’’ produced in the fasciculata and 
glomerulosa, respectively. Since the changes described above were confined 
to the fasciculata, it seems likely that the carboh 3 ’^drate-regulating hormones 
of the corticosterone t 3 ’-pe were involved. 
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The difference in lipid content of the adrenals from the two strains of 
rats is of interest. The stimulus ordinarilj’' causing increased lipid in Long- 
Evans rats invariably led to lipid depletion in Sprague-Dawley animals. 
Deane, Shaw and Greep (’48) have discussed the effect of stress on the adrenal 
gland, and have suggested that during mild stress the lipid and ketosteroid 
content of the cells increases, whereas in severe stress the discharge of droplets 
exceeds their rate of formation and the cellular content is diminished. The 
thought comes to mind that Sprague-Dawley rats have less resistance to the 
diabetic stress than do animals of the Long-Evans strain. This thought is in 
accord with the well-known hardiness of the Long-Evans strain. 

SUMMABY 

In diabetes caused by injecting alloxan into rats, the zona fasciculata of 
the adrenal glands was enlarged. Animals of the Long-Evans strain exhibited 
an increase in sudanophilia and in reactions indicative of ketosteroids. In 
Sprague-Dawley rats, the lipid and ketosteroid reactions were decreased. 
These changes are interpreted as indicating a condition of stress in which 
there is an increased demand for the carbohydrate-regulating hormone of the 
adrenal cortex. 

Adrienne Applegarth 

From the Defartmeni of Anaioviy, Harvard Medical School 
Boston, Massachusetts 
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A NOTE ON THE ESTROGENS IN THE BILE 
OF PREGNANT WOMEN^ 

Cantarow et al. reported in 1943 that the estrogenic activity of liver 
bile (“C" fraction), obtained by duodenal intubation of women at full-term 
pregnanej', was about three times that of the blood. This finding was cited in 
support of a previously (1942) postulated theory of an enterohepatic circula- 
tion of estrogens. Following this clue, Pearlman et al. (1947) succeeded in 
isolating estrone in crystalline foi'm from the bile of pregnant cows. The 
authors next turned their attention to the bile of pregnant women with the 
object of isolating and identifying the estrogens contained therein. Accord- 
ingly, over 20 liters of bile wore assiduously collected by duodenal intubation 
of women who were in the last trimester of pregnancy. 

Bioassay values for individual specimens of bile were found to be in line 
with those previously reported by Cantarow et al. (1943). Tlius, for example. 
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three specimens of “B” bile (equivalent to gall-bladder bile) assayed for 4, 5 
and 26.5 mouse units per ml. respectivel 3 '’; the- corresponding “C” fractions 
(equivalent to hepatic bile) assayed respectively for 2, 5 and 12.5 mouse units 
per ml. These specimens when pooled with the “A” fractions (1.2 liters in all) 
assaj^ed for 4 mouse units per ml. of bile.^ Another specimen (0.45 liters) 
when similarly pooled assayed for 3 mouse units per ml. of bile. These figures 
are appreciably lower than those (average 22 mouse units per ml.) reported 
for gall-bladder bile of pregnant cows (Pearlman et ah, 1947), which is not 
surprising because bile obtained by duodenal intubation is considerablj’^ more 
dilute than gall-bladder bile. 

Procedures for the extraction and partitioning of the biliarj’- estrogens 
were those previously (Pearlman et ah, 1947) emplo 5 ’-ed in this laboratory. 
The first- step (extraction of the bile with butanol) gave a poor recoveiy of 
estrogenic activity in this instance, however. Thus, for example, a butanol 
extract of 1.2 liters of bile assayed for only 500 mouse units whereas about 
4,500 mouse units were expected on the basis of bioassaj’’ performed directly 


Table 1. Distribution of estrogen* in the bile of pregnant women 


Volume of 
bile extracted 
(liters) 

Batch i 

number 


Free I 

phenols 
(m.u.) 

Conjugated phenols 
(after hydrolysis) 
(m.u.) 

13.9 

I 

9,500 

2,000 

14,600 

8.9 

11 


800 

3,300 

22.8 

H-II 


2,800 



* Aqueous solutions of the butanol extracts and oily solutions of all other fractions 
were injected subcutaneously into adult spayed mice; a vaginal smear technique (Al- 
len and Doisy, 1923) was used for bioassay. 


on the bile; aqueous solutions of the bile or butanol extracts were injected 
subcutaneously into adult spayed mice for estrogen assay (Allen and Doisy, 
1923). Such poor recovery of estrogenic activity was not encountered in the 
past when ivorking with dog (Pearlman et ah, 1948) or cow (Pearlman et ah, 
1947) bile under similar conditions. It is possible that labile estrogens are 
present in human bile; Werthessen, Baker and Borci (1948) claim to have 
detected labile estrogens in human and rat blood. 

Tables 1 and 2 summarize the data on the distribution of estrogen in the 
bile of pregnant women. Both free and conjugated forms of estrogen are 
present whereas in the bile of pregnant cows the estrogen is almost entirely 
in the free form. The presence of estriol in human bile is suggested b}’’ the 
finding that the strongly acidic phenols of hj'^drolyzed bile extracts show 
some degree of estrogenic activity. However, due to the comparatively low 
content of estrogenic material in human bile, positive identification of this 
material could not be achieved. No estrogenic activity could be detected in 
the acid fractions of unh 3 ’’drolyzed or h 3 ’^drolyzed human bile. This makes it 
appear unlikely that acids of the dois 3 ’’nolic type are present in any significant 

- It is worth mentioning for the sake of comparison that no estrogenic activity 
(i.e., less than 1 mouse unit per ml.) could be detected in the bile of non-pregnant 
women or of men. 
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Table 2. Further fractiohatioh of phenols 


Batch No. 
of bile 

Nature of material 

Weakly acidic phenols 

Strongly 

acidic 

phenols 

(m.u.) 

ketonic 

(m.u.) 

non-ketonic 

(m.u.) 

I 

conjugated phenols 
(after hydrolysis) 

9, 

i 

600* 

5,000 

II 

1 

conjugated phenols 
(after hydrolysis) 

2,200 

<500 

100 

I+II 

free phenols j 

800 

330 

<500 


* Total weakly acidic phenols. 


amount; Miescher (1944) had made the interesting suggestion that such acids 
might be normally present in the organism. - 

An attempt to isolate neutral steroid hormones from butanol e.y tracts of 
human pregnancy bile (about 23 liters) was abortive due to the lack of ade- 
quate amounts of material. Products of this type such as pregnanediol-3(a), 
20(/3), pregnanol-3(a)-one-20 and etiocholanediol-3(Q!),17(/5) were recently 
isolated in this laborator}' from the bile of pregnant cows (Pearlman and 
Cerceo, 1948). 
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NEW BOOK 


Biochemistry and M 9 rphogenesis. Bj’- Joseph Needham. Published 

Cambridge; at The University Press; New York: The Macmillan Com- 
pany; 1942.— XVI+787 pp. $12.50. 

Various circumstances have dela 5 ’'ed our reviewing of Needham’s great 
book. This delay of more than 5 years may be deplored as a precedent apt to 
inaugurate an era of sluggish digestion of scientific literature. On the other 
hand, a book like Needham’s “Biochemistr 5 '- and Morphogenesis,” with an 
incredible amount of data, involved problems, and controversial discussions 
crowded into less than 700 pages and with more than 5,000 references, is 
hardty meant to be read from cover to cover Avithin a few months. It may not, 
in fact, be a bad idea to use books of this type for a considerable period before 
attempting to review them.^ 

Similar to his 1931 “Chemical Embryology” Needham’s new book aims 
at a correlation of chemical and morphological processes which occur during 
the development of the embryo. In “Biochemistry and Morphogenesis” the 
analysis reaches deeper strata, and the emphasis is on Avork published after 
1931. 

The arrangement of material is, in many respects, excellent. Some head- 
ings of chapters and subchapters are masterpieces of terse and yet tangible 
AAmrding. On the other hand, Needham’s attempt to divide the Avhole material 
into 3 major parts, entitled the Morphogenetic Substratum, The Morpho- 
genetic Stimuli, and The Morphogenetic Mechanisms, is apt to produce a 
false impression of exactness. An arbitrary distribution of material among the 
3 parts proved unavoidable. Respiration, including the energetics of differen- 
tiation (p. 574 ff.), is discussed in “Morphogenetic Mechanisms” Avhile both 
nutrition and material combusted as source of energy (carbohydrate, protein, 
fat) are found under “Substratum” (p. 49). It seems to us that the metabolic 
properties of shell-enclosed eggs (pp. 48-63) and the standard mortality 
curves of chick embryos (pp. 63-66) belong to the “Mechanisms” rather than 
to the “Substratum,” AAdiile the differential response to thyroxin of the fore- 
limb bud and the adjacent gill-tissue in tadpoles (p.448) Avould haA'^e found a 
more adequate place Avith the “Substratum” than Avith the “Stimuli.” In 
other cases, the emphasis is, probably, a matter of personal preference. 

Part 1 (“Substratum”) contains a survey of recent data on the chemical 
constitution of eggs and of their nutritional material, with frequent re- 
ferences to older data in “Chemical Emb^yolog 3 ^” Needham suggests that 
Parts 1 and 3 of “Biochemistrj’- and Morphogenesis” should be read in con- 
junction Avith the earlier book. 

“The egg and its enAuronment” is a representative chapter of Part^ 1. 
“Cleidoic” (i.e. closed) eggs, like those of birds, are complete^ endoAA'ed with 


' I am grateful to my colleague Dr. S. B. Davis for comments and criticisms during 
the progress of this review, and I wdsh to acknowledge helpful personal communications 
by Prof. G. H. Bodlne, Dr. E. W. Caspar!, Prof. J. Holtfreter, and Prof. W. Landauer. 
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OTganic material, inorgaaic material and vrater; “noa-cleidoic" eggs may 
either, from the beginning, contain all organic material, but receive inor- 
ganic material and water from tbe ernTronment (e.g., sea-urchins and sand- 
crabs), or they may not be equipped with any nutritional material, but 
depend on the parental organism for continuous supply of everything (main 
representatives: mammals). These different conditions, and their relations to 
the aquatic, intermediate, or terrestrial environment are presented in a very 
clear way in Table 5. However, the table-heading “Evolution of the cleidoic 
egg" can hardly refer to phuloccneiic evolution, since some species which are 
close together in ordinary taxonomy are found on opposite ends of the table, 
e.g., Scyllium (the dog Ssh) and Carcharias (a shark). Both are selachian 
ffshes. but the Srst one is oviparous and the latter one viviparous, with 
striking differences in their biochemical development (Table S). 

!Many readers will appreciate the data and pictures of the amaring tree 
frog whose tadpole stages are passed entirely within the egg. Treasures for 
endocrinolomsts are hidden at the bottom of page 43. Here Xeedham sum- 
marizes the work of the investigators at the Naples Biological Station who 
found the degree of dependence of selachian embr^^os on the mother to be 
correlated with a decrease in size of the maternal liver, the latter being 
controlled by hypophysis, thyroid and suprarenals. 

Part 2 (“Stimuli'') deals with inductors and organizers, with the relations 
of genes and organizers, and -srith gradients. The chapter which is entitled 
“A digression on plant galls" should convince any skeptic that chemical 
agents can indeed be responsible for the production of specific biological 
structures. However, up to the present, no one has been able to reproduce 
specific galls by any chemically defined su'Dstance. or even by a cell-free 
extract of an insect or its egg. Needham attributes this state of affairs to the 
relatively poor chemical techrnque which has been applied to the problem. 

The su'nsequent 300 pages of Part 2 are centered around the “hierarchy 
of organizers in animal development.’* The Isf grade organizer, or “primar;v 
evocator, causes the appearance of the Srst axis of the embryo (gastrulation, 
formation of neural plate) : examples of 2nd grade organizer effects are the 
induction of a lens 'py the eyecup, or of an ear-capsule by an ear vesicle; a 
ord degree organizer is at work in the induction of a tympanic membrane by 
the cartilage of the ear-capsule. The way in which the potentialities decrease 
with each subsequent grade of the ‘•'hierarchy ' is illustrated by a model 
(Eg. 42, on p. Ill) consisting of a series of cones on three different levels. 
A ball rolls from the top of the E^est cone (= maximal potential energy) 
to its 'oase, thus landing on the top of one of the next lower cones, from there 
rolls down to the 'Dase of tEs cone, etc. It is mterestmg to compare tEs aus- 
tere model of eorulibrium states with the picturesque railroad yard wEch 
was Even m Needham's 1935 book “OEer and life.’* 

Abont 100 of the SO'O pages mentioned are devoted to ampEbian morpho- 
genesis, the classicE rabject of studies on Eduction and orgamzers. En- 
iortunately, the important fate-map of Vogt (Eg. 57) is reproduced on too 
small a scale, and the pictures iilustratmg movements (cell-stxeams) of -ritE- 
ly stamed areas durmg ampEbian gastrolation (Eg. 56} are still worse. It 
wo'jld have been worthwhile to render these basic pictures m colors. The 
'olack-wEte fate-maps of fishes f'Egs. 179-lSl), although of secondary im- 
portance E tEs 'crack, are prEted E a more satisfactory way. 
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The germ-la 3 '^ers are disposed of with a few forceful arguments and the 
following conclusion: “Evidently the distinction between the germ-la 3 ''ers is 
a convenient morphological one with little or no phj^siological meaning” 
(p. 150). 

Tn the chapters on biochemistrj'" and chemistrj’' of the primar}'' organizer 
the inductive properties are discussed of living tissues, dead tissues, cell-free 
extracts, a number of impure substances and, finallj’’, of well-defined sub- 
stances like steroids. 

Needham explains the disappointing “unspecificit 3 ’-” of the primary 
evocator (organizer) by the hypothesis that districts other than the dorsal 
lip of the blastopore may contain the “evocator substance” in an inactivated 
condition, and that the substance could be activated b 3 ’' unspecific mecha- 
nisms. A tentative list of such inactive complexes is given (pp. 206 and 207), 
and a wa 3 '' out of the dilemma is expected b 3 ’' closer attention to the question 
of the minimal effective dose. As a step in this direction a comparison is 
made between the effective doses of various evocating substances, of a 
cardiac drug, of several hormones and vitamins, and of two carcinogenics 
(Table 16, p. 184). Needham rightly emphasizes the difference between highl 3 ’’ 
potent evocators such as 1, 2, 5, 6-dibenzanthrazene endo-a-^ succinate, 
effective between 0.25 and 0.0025 mg./kg. wet weight, and weak evocators 
like nucleoproteins with an effective dose of 62500 mg./kg. wet weight. 
H'owever, with respect to the other quite heterogeneous items of Table 16, 
a comparison is not only “a little difficult,” as Needham puts it, but seems 
hardly possible to the reviewer. 

A preliminary discussion of the metabolism of the gastinila anticipates 
the more detailed and final discussion in Part 3. A comparison between the 
evocator which induces the medullary "plate (without cranial and caudal 
pole) and the auxin effect in plants is attempted in spite of the fact that the 
longitudinal growth of the cellulose walls in plant cells caused by auxin has 
no counterpart in the morphogenesis of animals. 

In Needham’s book abnormal organizer activities are considered respon- 
sible for three groups of formations which alread 3 ’^ in traditional human 
patholog 3 ’' have been treated as related phenomena, namely, twinning, 
teratomata, and malignant tumors. The greater part of these discussions 
(30 pages) are devoted to “organizers in cancer.’^ Needham translates the 
old concepts of pathology into the neAV language. In his terminology the 
most important aspect of cancerous growth is that it is “an escape from the 
individuation field,” whereb 3 ’’, in this case, individuation refers to an 3 '- differ- 
entiation be 3 ’’ond the mere formation of a head- and tailless medullary plate. 
A lai'ge number of carcinogenic hydrocarbons and other substances are dis- 
cussed with respect to their chemical and biological properties.^ Diagram 
Fig. 138 shows 49 substances with their “overlapping domains” of different 
activities, for instance, 3, 4,-benzpyrene which is a primary evocator (neuro- 
gen), a carcinogen, and an estrogen. Unfortunately, colchicine is missing in 
the diagram, although present as No. 43 in the list of substances. Otherwise 
the diagram is excellent, and can be recommended for use in lectures. 

® The much-discussed theory of the origin, of malignant tumors from embryonic 
rests was abandoned not through “progress on biochemical lines” as Needham assumes 
(p. 240, footnote), but through recognition of the wide distribution of meristematic 
cells, i.e., tissue cells which, in the adult organism, maintain the ability of dividing. 
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Except for the determination of sex, little was known concerning the 
relation's between genes and embiyonic differentiation, . when “Chemical 
Embr 3 mlogj’^” appeared in 1931. During the subseguent 10 j^ears those rela- 
tions have been investigated with so much success that they fill 90 pages of 
“Biochemistr 3 ^ and Morphogenesis.” Genes which interfere with the action 
of the primar 3 '^ organizer are responsible for certain hereditary malformations 
of the heads in guinea pigs and chicks, and also for the short-tail malforma- 
tion in mice, and the hereditary rumplessness in fowl. Genes interfering with 
the action of second-grade organizers are illustrated by examples like the 
genetic disturbances in- the development of the eye or the limb-buds. A 
chapter “The origin of species specificity” contains examples of heteroplastic 
transplantations which document the fact of species specificity, but do not 
throw an 3 ’^ light on its origin, as far as the reviewer can see. 

The discussion on the role of the nucleus in embryonic development is 
based on h 3 'bridization, merogon 3 ’', and parthenogenesis, with an excellent 
diagram (Fig. 205) and a ver 3 ^ useful definition of terms (Table 24). A short 
survey of genes which control chemical processes is followed by a chapter on 
“nuclear inductors and nuclear metabolism.” Here a series of splendid ex- 
periments with exchange of organs or fluids between different mutants of 
Drosophila is presented. Needham also gives a detailed description of 
studies on regeneration of Acetabularia, an alga which, in spite of its high 
degree of morphological differentiation and its size of 3 cms., contains onl}^ 
one nucleus. At the end of the discussion on genes and organizers the role of 
the sulfhydr 3 d group and of glutathione is analyzed, mainly in the light of 
data obtained from large and small races of the same species, e.g., of rabbits 
and fowl. Needham points out that there are possible relations between 
glutathione and pituitary growth-hormone, but that the different rate of 
embr 3 mnic growth before the appearance of the pituitary remains unex- 
plained, as the initial sizes of eggs are similar in small and large races. 

The interrelations of genetical, endocrine and other factors are demon- 
strated b 3 ' the frizzle condition in fowl, a hereditary malformation of feathers 
which disturbs the control of body temperature, and thus leads to changes of 
th 3 Toid gland, food intake, intestinal length, blood picture, etc. Abnormal 
cartilage formation in rats, with its consequences, is another example show- 
ing the remarkable variety of phenomena which may be traced to one gene 
(Fig. -231). 

The place of hormones in Needham’s system will be of special interest to 
the readers of “Endocrinology.” He classifies the products of endocrine glands 
as “the last of the three great inductor types,” at least with reference to 
amphibial development. The two preceding types are the “true embryonic 
inductors” and the nuclear inductors derived from genes. 

The imitation of gene-action by environmental factors (“phenocopies”) 
is illustrated by several examples. The influence of genes and environmental 
temperature on the wing-pattem of the flour-moth (work of the Gottingen 
group) is discussed in detail, but the important relation between mitotic 
pattern and pigment production is not mentioned. 

The last 50 pages of part 2 are devoted to organizer phenomena in insects, 
the metabolism in insect metamorphosis, and finally the determination in 
echinoderm development and metamorphosis. Needham reproduces some of 
the most important pictures from the studies of the Stockholm, investigators 
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who demonstrated the double gradient system in the- echinoderm egg. Im- 
proved recent experiments of Child and his collaborators are accepted as 
possible supports of the theory of meiahoUc gradients (pp. 496-497). Yet, 
Needham sees no reason why he should modifj’- his negative attitude, as 
expressed in “Chemical Embryology,” toward the experimental evidences of 
metabolic gradients, though he now praises Child for having introduced the 
concept (p. 605). An attempt to reconcile the organizer and the gradient 
theories concludes Part 2. 

Part 3 (“Mechanisms”) is introduced bj'- an excellent chapter on the 
dissociability of the fundamental processes of ontogenesis showing how nu- 
clear division can take place Avithout cell division, cell diAusion AA’ithout- 
nuclear division, differentiation of eggs AA’ithout cleavage, etc. There are a feA\’ 
criticisms. On Table 28 “groAA’th” is, AA’ithout discussion, defined as “increase 
in spatial dimensions and in Aveight,” although increase in A’olume, in drj’ 
Aveight, and in AA’et AA’eight are dissociable processes, e.g., in the growth of 
tadpoles. In the list of fundamental processes the important migrations of 
cells and cell groups are missing. The dissociation of histogenesis from organo- 
genesis is not made very clear (p. 514); malignant tumors could have been 
used as a striking illustration of this dissociation. 

The unequal increase of different chemical components (“chemical 
heterauxesis”) during embryonic deA'-elopment is illustrated in 12 charts and 
4 tables, but there is little connection betAA’een these data and morphogenesis. 
The S-shaped groAvth curves of the AA'hole body had been giA’en much space 
in “Chemical Embr 3 ’-olog 3 ’-,” because of their resemblance to the curve of 
autocatalytic monomolecular reactions. In “Biochemistry and Morpho- 
genesis” Needham devotes a feAv lines only to these curves stating rightly 
that their anal 3 ’sis “has been singular^'’ lacking in fruitfulness or illumina- 
tion.” Nothing else could be expected, since mathematical resemblance alone 
does not indicate similar mechanisms; this was pointed out b 3 ’ G. Teissier 
(1928) and the revicAA’er (1933).^ 

The chapter on respiration deals Avith the earl 3 ’ stages of eggs in echino- 
derms, and Avith A’arious stages of embr3’’onic development in arthropods, 
firhes, sauropsides and mammals. Particularl 3 ’' useful is a survey of recent 
pioneer Avork on the respiration of the grasshopper before, during and after 
the “diapause,” AA’hich is a phase of morphogenetic dormanC 3 ’. The discus- 
sion of carboh3’drate metabolism coA’ets, besides the data of other investi- 
gators, important contributions by Needham and his collaborators. The 
chapter on protein metabolism contains some pages on “The groAA'th-promot- 
ing factor” of embiyo juice as studied in tissue cultures. In the discussion 
on nuclein metabolism “complete s 3 ’nthesis of both phyto- and th 3 ’monucleic 
acid from non-C3’clic precursors” is claimed for the embr3’os of birds and rep- 
tiles (p. 635). The meaning of “complete S 3 mthesis” is not clear to the re- 
A’iewer; in any case the presence of nucleic acids in the unincubated egg is 
proved b 3 ’- the presence of its nucleus, though their amount ma 3 ’' be too small 
for chemical detection. For lipin and sterol metabolism the reader is mostb’ 
referred to “Chemical Embi’3’olog3'’,” except for neAV Avork AA'ith tracer sub- 
stances. Finally, the metabolism of Amrious pigments is discussed. 

The last 20 pages of Part 3 deal AA’ith “Protoplasmic Organization.” 
Results of ciystal-anab’sis of fibers are tentativel 3 ’’ applied to the problems 


’ Arch. f. Entwicklungsmechanik, ISO, pp. 486-490. 
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of egg-cell structures. The characteristics- of liquid crystals, or the para- 
crystalline state, are described in detail, and the biological significance of this 
state is emphasized. Among the proteins with highlj'- anisometric molecules 
myosin (actomjmsin, Szent-G 5 ’' 6 rgj 0 has moved into the center of interest. 
However, when “Biochemistry and Morphogenesis” appeared, only the first 
few studies on the relations between myosin and adenosinetriphosphatase 
had been published, including the 1941 paper bj' Needham, Shen et al. Under 
these circumstances some statements in “Biochemistry and Morphogenesis” 
seem almost prophetic, like that one on p. 670; “The probability is that 
molecular contractility plaj^s a far greater part in development than embrjm- 
logists have generally been willing to admit.” 

We have attempted to conve}’^ to the readers of “Endocrinologj'"” an 
idea of the contents and the organization of Needham’s book. The book is 
an expression of his creed that “structural alterations of the proteins are the 
basis of all morphologj"” (p. 605, footnote). Some bridges across “the secular 
gulf between morphologj'- and chemistry” (p. XV) are, visibly, under con- 
struction on those pages which deal with “Protoplasmic Organization.” 
In most of the other discussions the “bridges” still are in various stages of 
planning in spite of all the interesting correlations between biochemical and 
morphological phenomena of ontogeny. Needham’s book gives an excellent 
account of the state of affairs. 

Ever 3 '’one will appreciate the fact that Needham tried to limit his gigantic 
task by excluding functional phj'siologj’’ as much as possible (see p. 643 
footnote, on embryonic movements and reflexes). Yet, embryonic cells har'^e 
to satisfj’' requirements for maintenance besides those for development; 
as G. L. Streeter used to put it, “embryonic tissues are open for business dur- 
ing alterations.” This consideration would have been helpful in Needham’s 
discussions of respiration and metabolism. 

It is obvious that not all of the numerous data and techniques reported 
in “Biocheraistiy and Morphogenesis” could be handled with equal care. 
In connection rvith the regional respir-ation and glj^colj’sis of gastrulae vari- 
ous micro-manometric techniques are compared in adequate detail; on the 
other hand, the absence of “the characteristic protein curve” in intact living 
sea-urchin eggs is stated (p. 656) without mentioning the limitations of 
spectrograph}' in heterogeneous systems. Publications on tissue cultures are 
quoted without technical comments; a brief summary of these techniques is 
promised on p. 628, but not given. Unnecessary arguments are the result, 
as in the case of the lactogenic hormone. In the pigeon’s crop in situ, the 
mitotic acti\’ity of the epithelium is increased by lactogenic hormone, but, 
according to Needham (p. 76), “this action could not be reproduced in vitro.” 
The original papers show that the work in situ is valid, while the work in 
vitro is not; embryo juice had been added to all cultures in vitro so that the 
highest growth-rate possible was already obtained in the controls. 

Sometimes, Needham’s lack of interest in non-chemical procedures has 
led him to select poor papers when better ones were available. Abnormal 
turning of the 2-3 day-old chick embryo on its right side instead of its left 
occurs in 2 to 6% according to all authors who obsen-ed the embryo through 
an opening in the shell. The only paper quoted by Needham (p. 65) gives 
0.163%, a pseudo-accurate figure based on mere candling of eggs on the .5th 
day (which is too late anjw.'ay). 
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The bibliographj’^ is an especiall 3 ’' useful part of the book. Most of the re- 
ferences proved to be correct when checked. Onlj'’ a few publications are 
misquoted. The paper by Grosman, quoted on p. 66, does not deal with the 
absorption of dead embryos in rodents, neither does the paper b}’' Ancel et 
Vintemberger, quoted on p. 218, anj'-thing about the possible effects of 
incident light on the plane of S 5 '’mmetrjn On p. 629 Needham reports that the 
inhibition bj’’ "lipins” of the growth-promoting effect of embrjm extract is 
reversed by heparin, while that is not so' according to the original paper by 
E. Ma3'^er. 

The numerous graphs are ver 3 '' helpful. If their authors were stated in the 
legend, it would be clearer which graphs were made by'Needham, modified 
b 3 '’ him, or reprinted unchanged. The "Glossary" gives a number of important 
definitions. However, "Gestalt" is anton 3 'mous to "the mere sum of parts,” 
not to "surroundings.” Could Driesch’s old terms "prospective significance" 
and "prospective potenc 3 ''” not be replaced by routine potenc 3 ’’, spare potency 
and total potenc 3 ’-? The "Mitogenetic ra 3 ’^s" are, to our deep satisfaction, on 
Needham’s list of "Terms and concepts the use of which is not recom- 
mended." 

The alphabetic index prepared b 3 '' Margaret Miall is satisfactory with 
some exceptions. It is difficult to find the various places where axes and poles 
are mentioned. For large items like "Chick embryo and tissues” (30 different 
pages indexed, 2 of them wrong) , and' "Sea-urchin" (20 different pages 
indexed) some subindexing would have been useful. 

Many interesting historical and linguistic remarks are scattered in the 
book. The reviewer takes it for granted that the Chinese sentences are cor- 
rect, but would have preferred the absence of wrong German like the "erster 
Nahrung" (instead of "erste Nahrung") on p.l5. The verses which Needham 
ascribes to Goethe (p. 231) are from the "Lied von der Glocke" b 3 ’' Schiller. 
Names of American authors like Chaikoff and Romanoff should not have 
been altered into ChaikoA'^ and Romanov, irrespective of Needham's lin- 
guistic arguments (p. 692). 

As stated before, it is evidentl 3 ’- impossible to write great S 3 mthetic books 
like "Biochemistr 3 ’- and Morphogenesis” without a certain number .of errors. 
Original papers are, as usual, to be consulted whenever a special point is of 
interest to the reader. In spite of all criticisms “Biochemistry and Morpho- 
genesis" is an admirable and very useful book. We hope that it will help in 
attracting brilliant 3 mung workers to the promising field of experimental 
embiyolog 3 ". 

Edmund Mater 

Chemotherapy Division, Stamford Research Laboratories 
American Cyanamid Company 
Stamford, Connecticui 



ASSOCIATION NOTICE 


ANNOUNCEMENT OF THE 1949 MEETING OF THE 
ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirty-First Annual Meeting of The Association for the Study of 
Internal Secretions null be held in the Chalfonte-Haddon Hall, Friday and 
Saturday, June 3, and 4, 1949, in Atlantic City, New JerseJ^ 

We are informed bj’- the hotel management that reservations vdll be diffi- 
cult to secure on short notice; therefore, members are urged to make reserva- 
tions at once with Chalfonte-Haddon Hall, giving time of arrival and length 
of stay in Atlantic Cit 3 ^ 

The scientific sessions will be held in the Viking Room, as former^’’, and 
-registration will be on the same floor. The annual dinner vdll be held in the 
Rutland Room, Fridas'", June 3rd. at 7 p.m., preceded by cocktails in the 
same room. 

Those wishing to present papers, which will be limited to ten minutes, 
should send title and four copies of an abstract of not more than 200 words, 
to Doctor J. S. L. Browne, Royal Victoria Hospital, Montreal 2, Canada, 
not later 'than March 1, 1949. It is imperative that the abstracts be informa- 
tive and complete mth results and conclusions in order that they may be of 
reference value and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the A 3 "erst, McKenna 
and Harrison Fellowship should be made on special application forms, which 
maj'" be obtained from the Secretarj-’-Treasurer, Doctor Henrj' H. Turner, 
1200 North Walker, Oklahoma Citj'" 3, Oklahoma, and filed with the Secre- 
tary not later than March 15, 1949, 


POSTGRADUATE COURSE IN ENDOCRINOLOGY 

A postgraduate course in Endocrinology, sponsored by the Association 
for the Study of Internal Secretions, will be held at the Skirvin Hotel in 
Oklahoma City, February 21-26, 1949. 

The faculty vill consist of outstanding clinical and research endocrinol- 
ogists of the United States and Canada. The program will consist of clinics 
and demonstrations and will be a practical one of equal interest to those in 
general medicine and the specialists. 

The fee will be SI 00 for the entire course and applications will be accepted 
in the order received. Applications should be directed to Henry H. Turner, 
M. D., Secretary-Treasurer, 1200 North Walker, Oklahoma City, Oklahoma. 
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ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr, George W. Corner; 1941 — Dr. Philip E. 
Smith; 1942 — Dr. Fred C. Koch; 1943 — no award was given; 1944 — Dr. E. 
k. Doisy; 1945 — Dr. E. C. Kendall; 1946 — Dr. Carl G. Hartman; 1947 — 
Drs. Carl F. and Gerty T. Cori; 1948 — Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 

THE CIBA AWARD 

The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood; 1945 — Dr, Jane A. Russell; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If mthin 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Aj’^erst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship will vary 
in accordance with the qualifications of the appointee, but will not exceed 
$2,500.00 The Committee will, in reviewing the proposed program of study, 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present evidence or scientific 
ability as attested by studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed study; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. 

Each member has the privilege of making one nomination for each award. 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributions to endocrinology and by a bibliography of the 
nominee’s most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms which may be obtained 
from the Secretary, Dr. Henry H. Turner, 1200 North Walker Street, Okla- 
homa City, Oklahoma, and returned to him not later than March 15, 1949. 
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STUDY ON THE MECHANISM OF PICROTOXIN- 
INDUCED OWLATION IN THE RABBIT^ 

S. CHAS. KASDON= 

PICROTOXIN INDUCED OVULATION 

The induction of o^oilation by Marshall and Verney (1936) 
through electrical stimulation of the hypothalamic region was a major 
step forward in the studj'' of the mechanism of owlation. They re- 
ported (1938, 1939) that picrotoxin in convulsant dose (1 mg, /kg. of 
body weight) caused ovulation in 6 of 21 rabbits tested. With few 
exceptions all the animals showed signs of follicle growth or hemor- 
rhagic follicles but ovulation occurred in only 22 per cent of the ani- 
mals tested. Usually the normal number of 3 to 5 ovulating folhcles 
was found but the latent period between picrotoxin stimulation and 
ovulation was from 24 to 48 hours as compared to the normal period 
of 10 hours between copulation and o\’ulation. A smaller dose of 
picrotoxin (0.8 mg./kg.) in the presence of atropine caused violent 
convulsions, but none of the rabbits so treated ovulated. Since this 
dose of picrotoxin did not produce o\ailation in the absence of atro- 
pine, it was felt that the failure was due to the smaller dose of picro- 
toxin. They interpreted this as an indication that no correlation 
existed between the convulsant actmty of picrotoxin and its effect 
on the ovaries. Further, Makepeace (1938) found that atropine did 
not prevent ovulation postcoitum, but he did not use isolated rabbits 
in this study. Other commlsants were employed — strychnine, cori- 
amyrtin — and general excitants — apomorphine, beta tetrahydronaph- 
thylamine and ergometrine — but proved equally inactive. Mar- 
shall, Verney and Vogt (1939) inferred that the “absence of response 
might be due to failure in finding the optimal conditions for their 
action.” 

Received for publication November 1, 1948. 

'■ This work was completed under the direction of Dr. F. P. Snyder at the Chicago 
Lying-in Hospital, University of Chicago Clinics, University of Chicago, Chicago, 
Illinois. 

* 127 Bay State Road, Boston, 15, Mass. 

CopjTight, 1940, by the Asaociation for the Study of Internal Secretions 
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Copper salts administered intravenously were found more pre- 
dictable in the production of ovulation in rabbits by Fevold, Hisaw 
and Creep (1936), They felt that these salts as well as picrotoxin 
probably caused ovulation by augmenting the effect of the gonad 
stimulating hormones in the blood to the level essential for ovulation. 
On the other hand, Bischoff (1938) felt that the injection of so toxic 
a substance as copper caused ovulation through nervous stimulation. 
The problem was resolved by Brooks, Beadenkopf and Bojar (1940) 
who sectioned the pituitary stalk in rabbits and found that 10-15 mg. 
of copper acetate — a dose universally effective in producing ovulation 
in the intact rabbits which survived the injection — ^failed to produce 
ovidation. '\^TLen the hypophyseal stalk was cut in ll animals, in- 
jections of picrotoxin also failed to result in ovulation. Metrazol was 
similar in its ovulatory action but less effective than picrotoxin. Con- 
vulsant doses of insulin, benzedrine and ephedrine chloride all failed 
to induce ovulation. They too felt that conditions must be favorable 
for oAoilation to occur before picrotoxin and metrazol could be effec- 
tive, but were unable to explain why such dissimilar substances should 
cause ovulation to occur in the rabbit when various other excitants 
and convulsants were inactive in this respect. 

An excellent review of the pharmacological activity of picrotoxin 
was pubhshed by Dille (1938, 1939) and will not be discussed here. 
The specific antagonistic action of barbiturates for picrotoxin was 
described by Swanson (1932) and has been reviewed by Tatum (1939). 
That barbiturates themselves do not interfere with ovulation has 
been adequately demonstrated by Brooks and his colleagues (1940). 
This protective action of barbiturates makes it possible to use picro- 
toxin in several times the effective ovulating dose without sacrifice 
of the animals. It could then be established whether the effect of pie- 
rotoxin on ovulation is directly related to its convulsant properties 
or to the quantity of picrotoxin injected into the rabbit. 

The convulsant action of picrotoxin was early studied by Pagniez 
(1929). It was found to have a depressant effect upon the I'hythmic 
acthdty of leech muscle (Gessner, 1932), as well as a vasoconstrictor 
action not antagonized by ergotamine (Gessner, 1928). Miller and 
Spiegel (1939) decorticated rats and administered picrotoxin to es- 
tabhsh the part played by the cerebral cortex but found it just as 
effective a convidsant in the decorticate animals. Schriever and 
Perschmann (1936) localized the seat of action to the midbrain which 
is significant in that the hypophysis is found to be an essential fink 
in the catenary system whereby picrotoxin causes ovulation. 

Further, the fact that rabbits which have just Uttered are highly 
susceptible to mating makes it possible to obtain animals ''primed" 
for ovulation. The ovary of the postpartum rabbit was found "primed" 
for ovulation by Friedman (1932) and responded to the injection of 
one minimal effective dose of extract of pregnancy urine. It was felt 
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that the use of puerperal animals would make it possible to satisfy 
to some extent the “favorable conditions” for o^uliation that both 
Marshall and Brooks and their colleagues have stressed as essential 
in the ovulatory activity of picrotoxin. 

METHOD 

Mature but virgin female rabbits, healthy and well fed, were isolated 
for at least 20 days before use in order to control the occurrence of single 
hemorrhagic follicles frequentl}'^ found in such animals. Plienobai'bital was 
used in 10 per cent aqueous solution and the picrotoxin was used in 20 per 
cent alcoholic solution. Laparotomj'- was performed under drop ether an- 
aesthesia with phenobarbital used as a basal anaesthetic in some animals 
and oophorectom 3 ' was performed in all suspicious cases and in most of the 
others. All laparotomies were performed 48-72 hours after the injection of 
the picrotoxin. The animals injected after parturition received picrotoxin 
intravenously within 12 hours of the time the litters were dropped. Tissues 
were fixed in 10 per cent formalin and stained with hematoxylin-eosin. In 
everj'- case the diagnosis of o^mlation was established by microscopical study 
of the tissues. Hemorrhagic follicles were not recorded as proof of oruilation. 
The importance of identifying ovulation bj’^ means of microscopical examina- 
tion of the ovary or by actual recovery of the ova from the tubes has been 
stressed by Lewis and Wright (1935). 

RESULTS 

As a control experiment, the work of klarshail, Verney, and Vogt 
(1939) was repeated using the dosage and technique which they found 


Table 1. Picrotoxin injections in isolated virgin does 


Picrotoxin 

mg./kg. 

i.v. 

Hyperactivity + 
and 

Convulsions-}- + 


Ovulation 

T.o 

+ + 


— 

1.0 



— 

1.0 

+ + 


+ 

1.0 

“H 4- 



1.0 

+ 


— 

1.0 

-f- 




successful in causing ovulation in the rabbit. Accordingly, a series of 
6 rabbits received 1.0 mg./kg. of picrotoxin intravenously (sc. Table 
1) but in spite of the production of comuilsions in half of them, ovula- 
tion was found at laparotomy in but 2. This failure to induce o%uila- 
tion in more of the normal isolated does at levels of picrotoxin found 
adequate in some rabbits under identical conditions serves but to 
emphasize the uncertain chain of events that is apparently essential 
for the occurrence of picroto.xin-induced owlation in the rabbit. 

In the next series the rabbits used had dropped their litters within 
12 hours of the time picrotoxin urns administered in order to minimize 
as much as is possible bj-^ this means variation in susceptibility for 
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ovulation in the host. Twenty-four rabbits were employed with re- 
sults shown in Table 2. The first 10 animals received 1.0 mg./kg. of 
picrotoxin intravenously and none ovulated in spite of severe con- 
vulsions which' occurred in half of them. The remaining 5 rabbits in 
this group showed great excitability. The dose was then raised to 
1.5 mg./kg. of body weight injected intravenously, a dose well above 
the level found capable of producing o^oilation by Marshall, Verney 
and Vogt. All of these rabbits developed severe convulsions and 2 of 
the 14 so treated expired in their course. In 2 rabbits the presence of 
ovulation was demonstrated microscopically. Thus, ovulation oc- 
curred in but 12.5 per cent of the rabbits surviving the convulsions. 
It is significant that in spite of a larger dose of drug, in spite of the 

Table 2. Picrotoxin injections in “primed” rabbits 
12 HOURS post-parturition 


Picrotoxin 

mg./kg. 

i.v. 

Hyperactivity -p 
and 

Convulsions -p -p 

. Ovulation 

1.0 

+ + 

expired 

1.0 

+ 

— 

1.0 

■p -p 

— 

1.0 

+ 

. — 

1.0 

+ + 


1.0 

+ 

— 

1.0 

+ + 

— 

1.0 

+ + 

— 

1.0 

-P 

— 

1.0 

+ 

— 

1.5 

+ + 

— 

1.5 

+ + 

+ 

1.5 

-P-P 

— 

1.5 

+ + 

— 

1.5 

+ + 

— 

1.5 

+ + 

expired 

1.5 

+ + 

— 

1.5 

+ + 

— . 

1.5 

+ + 

+ 

1.5 

+ + 

expired 

1.5 

+ + 

— 

1.5 

4" + 

— 

1.5 

+-P 

— 

1.5 

4- + / 

— 


presence of convulsions, and in spite of rabbits "primed” for ovula- 
tion in the postpartiiritional state, such a small number were found to 
ovulate. 

In the third group of barbiturate protected animals, the picro- 
toxin was administered intravenously in doses much larger than those 
administered by Marshall, Verney, and Vogt. Even with the relatively 
small dose administered intravenously 20 per cent of their unpro- 
tected rabbits expired during the convulsions. The minimal lethal 
dose of picrotoxin for rabbits has been established by Swanson and 
Chen (1936) as 2.5 mg./kg. when administered intravenously and 
only slightly higher when given subcutaneousl 3 ^ The minimal lethal 
dose for phenobarbital in rabbits is in the neighborhood of 150 
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mg. /kg. From Table 3 it can be seen tliat from 2 to 6 times the dose 
of picrotoxin used by Marshall or by Brooks and their colleagues was 
administered to the rabbits protected against such a lethal dose by 
phenobarbital without evidence of ovulation at laparotomy. Con- 
vulsions occurred only in the 3 animals receiving the largest dose of 
picrotoxin, 2 of which expired during conmlsions. In the one rabbit 
surviving the convulsions no e^^dence of ovulation was found at 
laparotomy. The significance of this series is that picrotoxin in a dose 
2 to 6 times that found capable of inducing ovulation was completely 
ineffective here. 

Table 3. Picrotoxin injections in virgin isolated rabbits 

PROTECTED BY PHENOBARBITAL 


Picrotoxin 

mg./kg. 

i.v» 

Phenobarbital 
mg. /kg. 

Subcutaneously 

Hyperactivity + 
and 

Convulsions + + 

Ovulation 

2.0 

100.0 


— 

2.0 

100.0 

-j- 

— 

3.0 

120.0 



6.0 

120.0 

+ 


6.0 

160.0 

++ 

— 

9.0 

120.0 

++ 

expired 

12.5 

66.5 

++ 

e.xpired 


DISCUSSION 

The evolution of the process whereby ovulation occurs is still in 
the period of development but the last 20 years have seen important 
advances made. With the use of both normal and hypophysectomized 
rabbits a definite relationship between oAuilation and the anterior 
lobe of the pituitary was demonstrated (Bellerby, 1934). The early 
study of Fee and Parkes (1929) on the rabbit showed that hj^iophy- 
sectomy vdthin one hour of copulation inhibits OAUilation, but later 
than one hour does not. Friedgood and Pincus (1935) showed that the 
anterior hj^pophj'^sis was appai’ently directly responsible for the in- 
itial maturation of ovarian follicles through its gonadotropic proper- 
ties. That the sjunpathetic nervous system is involved is accepted, 
but the fact that ovulation could occur in rabbits noth the thoraco- 
lumbo-sacral sjunpathetic S3’'stem (Hinsey and Markee, 1932) as well 
as the cendcal sjunpathetics interrupted (Haterius, 1934) places this 
sj’-stem earlj^ in the series of events which lead eA^entualty to o^uila- 
tion. It is quite evident that the anterior pituitaiy lobe is a direct 
effector hy a humoral route through which ovulation occurs in the 
rabbit. 

In tins study the abilitj’^ of picrotoxin to induce owlation in the 
rabbit was studied, and several significant facts elucidated. In one 
series picrotoxin in a dose several times that found adequate to in- 
duce o\'ulation in the rabbit was administered to does protected by 
phenobarbital against the lethal quantities injected. 0\uilation re- 
sulted in none of the rabbits including one which suindved severe con- 
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vulsions follo'^dng a dose 6 times that found effective and more than 
twice the minimal lethal dose. The fact that ovulation did not ob- 
tain although there can be' no question of the fact that the picrotoxin 
was physiologically effective is significant. The barbiturate was ex- 
onerated in antagonistic effect by the report of Brooks, Beadenkopf 
and Bojar (1940). This suggests that the ovulatory activity of picro- 
toxin is not directly related to the quantity of drug in the body. It 
is also noteworthy that frequently in this series of rabbits a moder- 
ately severe hyperemia of the uterus and tubes was found. Although 
the number of animals used is admittedly small, it is demonstrated 
that larger doses of picrotoxin are certainly no more effective than 
those one-half to one-sixth as great found irregularly capable of pro- 
ducing ovulation. 

A control group of animals received a dose of picrotoxin reported 
to be effective in causing ovulation to occur in less than one third of 
the rabbits tested and one third of these were found to ovulate. That 
it can do so at times is undeniable, but it is apparently difficult to 
predict the ovulatory effect of picrotoxin. That convulsions in them- 
selves are not sufficient to induce ovulation in the rabbit is apparent 
from the numerous failures following convulsions caused by insulin, 
strychnine, coramine and electrical stimulation. In addition, although 
ovulation following picrotoxin injection occurs .in comnilsant doses, 
many rabbits which experienced convulsions did not ovulate. 

In a third series of rabbits injected after parturition which were 
in an optimal "primed” condition for ovulation but 2 of 21 rabbits 
(10 per cent) surviving a dose considered effective ovulated. This 
level of successful activity is lower than that reported by Marshall > 
and by Brooks and their colleagues as well as in the control series of 
rabbits here reported. The failure to induce ovulation more fre- 
quently in these "primed” rabbits was somewhat unexpected, and 
serves to make even more obscure the "favorable conditions” under 
which picrotoxin can produce ovulation. "Priming” was also attempted 
by Brooks, Beadenkopf and Bojar by injection of sub-ovulating doses 
of pituitary follicle-stimulating hormone (FSH) . This did not increase 
the frequency of ovulation following picrotoxin injections in the 
rabbit. 

In spite of the small numbers of animals employed in these experi- 
ments it can be stated that picrotoxin induced ovulation in the rabbit 
occurs unpredictably at convulsant levels in approximately one-ninth 
of the animals tested. The fact that 2 to 6 times the effective dose 
did not induce ovulation suggests that it is not the quantity of the 
drug alone which determines its ovidatory activity. However, it is 
just possible that, in spite of evidence to the contrary, quantities/of 
barbiturates sufficient to protect the rabbits against levels of picro- 
toxin greater than the lethal dose may interfere with its ovulatory 
activity. Finally, it is apparent that lack of susceptibility of the host 
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to oiTilation, as determined by the post-partnritional “primed” state 
of the rabbit for o^mlation, is in itself not a final determinant of picro- 
toxin-induced ovulation in the rabbit. 


SUMMARY 

The induction of ovulation in the isolated rabbit doe was found to 
occur in a total of 4 out of 27 animals (15 per cent) surviving the ad- 
ministration of picrotoxin in reported adequate dose. 

Two to 6 times the effective ovulatory dose of picrotoxin fails to 
induce ovulation in rabbits protected against the lethal quantity of 
picrotoxin by phenobarbital. 

The frequency of successful induction of ovulation with picro- 
toxin is not increased by augmenting the susceptibilit 3 ’' of the host by 
means of the o^'ulation-primed state following parturition. 
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A NEURAL FACTOR IN THE MECHANISM BY 
WHICH ESTROGEN INDUCES THE RELEASE 
OF LUTEINIZING HORMONE IN THE RAT' 

CHARLES H. SAWYER, JOHN W. EVERETT 
AND J. E. MARKEE 

From the Department of Anatomy, Duke University School of Medicine 

DURHAM, NORTH CAROLINA 
INTRODUCTION 

In polyestrous animals such as the rat, mouse, and guinea pig, 
which ovulate spontaneously, estrogen stimulates the 'release of 
luteinizing hormone from the hypophysis (Fevold, 1939; Hellbaum 
and Greep, 1946; Hisaw, 1947; Everett, 1947, and Bradbury, 1947). 
The liberated LH^ proceeds to induce preovulatory swelhng, ovula- 
tion, formation of new corpora lutea and, in pregnant or pseudopreg- 
nant rats, cholesterlnization of existing active corpora lutea (Everett, 
1947). The spontaneously ovulating species- do not require an overt 
neural stimulus, such as is presumably initiated by copulation, for the 
release of the gonadotrophic hormone. Nor is it established that 
coitus hastens ovulation in these animals. In this respect they differ 
from such species as the rabbit, cat and ferret, in which the .release 
of an ovulating surge of LH normally occurs only after copulation. 
Conversely, estrogen alone will not stimulate discharge of LH in the 
animals of the latter type (Bachman, 1936; Dury and Bradbury, 
1943). 

There is considerable evidence that, in the spontaneously ovulat- 
ing group, estrogen acts directly upon the hypophyseal cells with no 
intermediation whatever by the nervous system. This evidence de- 
rives from three sources; (1) Hypophyseal grafts, which are of neces- 
sity removed from normal neural relationships, have been reported 
to maintain the integrity of sex function in hypophysectomized rats 
(Greep, 1936; May, 1937). (2) Section of the pituitary stalk, which 
severs the nerve fibers entering the hypophysis, has been asserted to 
be consistent with normal sex function in the guinea pig (Dempsey, 
1939; Dey, 1943), in the rat (Dempsey and Uotila, 1940; Dempsey 
and Searles, 1943) and in the dog (Brekenridge and Keller, 1948). 

Received for publication November 10, 1948. 

' This study was supported in part by a grant from the Duke University Research 
Council. 

* LH is used in the conventional sense (cf. Hisaw, 1947) although its effects here may 
largely express quantitative rather than qualitative differences in gonadotrophic 
secretion. 
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(3) Cytological changes, induced by massive doses of estrogen, occur 
in hypophyseal grafts (Desclin and Gregoire, 1936; Martins, 1936, a; 
Hohlweg, 1936; Phelps, Ellison and Burch, 1939) and in stalk- 
sectioned pituitaries (Westman and Jacobsohn, 1938, a; Uotila, 1940) 
as readily as in non-operated hj-pophyses (Hohlweg, 1934; Severing- 
haus, 1939; Baker and Everett, 1947). 

A nervous element in gonadotrophic control is suggested by evi- 
dence from the same sources: (1) More or less impairment of sex func- 
tion has been reported in guinea pigs (Schweizer, Chaaipper and 
Haterius, 1937) and in rats (Westman and Jacobsohn, 1940) which 
have been hypophysectomized and implanted' with pituitary grafts. 
(2) hdild to severe sjonptoms of gonadotrophic upset have been 
claimed as sequelae of section of the pituitary stalk (Richter, 1933; 
Westman and Jacobsohn, 1937, 1938; Herold, 1939; Herold and 
Effkemann, 1938; Westman, Jacobsohn and Ilillarp, 1943; Brohn, 
1945). (3) Certain cytological changes in the hjqjophysis appear to 
require a nem-al stijnulus. Castration cells which ordinarily form in 
I'esponse to gonadectomy do not appear in grafted hypophyses (Hohl- 
weg and Junkmann, 1932; Desclin and Gregoire, 1936; Martins, 1936, 
b; Westman and Jacobsohn, 1940) nor in pituitaries whose stalks 
have been severed (Westman and Jacobsohn, 1938, a). 

The investigators whose results are so diametrically opposite have 
criticized each other’s techniques. For instance Uotila (1940) suggests 
that Westman and Jacobsohn’s stalk-section operation damaged the 
anterior h3q)ophj'’sis, whereas Westman, Jacobsohn and Hillarp (1943) 
point out that IJotila’s stalk-sections were incomplete. Obviously a 
procedure which would cause no stmctural damage to either nerves 
or blood vessels and yet would prevent the effects of nervous activity 
from reaching the hjqpophysis would be a highly desirable method to 
resolve the controversy. Such a technique has recently proved effec- 
tive in the rabbit in preventing the neurogenic stimuli attending copu- 
lation from releasing LH (Sa\vyer, Markee and Holhnshead, 1947; 
Sawjm’, Markee and Townsend, 1949). The technique consists of in- 
jecting adrenoljdic or anti-cholinergic agents into the animal at the 
appropriate time. The rabbit evidence indicates that the neurogenic 
stimulus for the release of LH includes both cholinergic and adrenergic 
components, the former initiating the latter (Sawyer, Markee and 
Townsend, 1949). That the blocking drugs, Dibenamine and atropine, 
inliibit ovulation by preventing the stimulus for LH release from 
reaching the hjqjophysis, rather than bj'- interfering Mth the libera- 
tion of the hormone from the gland itself, is indicated by this fact: 
delajdng injection less than a minute post coitum permits oxmlation 
to proceed in an unimpaired. manner although at least an hour is con- 
sumed in the discharge of LH (Fee and Parkes, 1929). 

The blocking technique has therefore been applied to the problem 
of whether estrogen stimulation of the hjq)ophysis, leading to the re- 
lease of LH in a spontaneously o^^llating species, represents a direct 
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effect of estrogen on hypophyseal cells or an indirect stimulation via 
the nervous system. The study takes advantage of another new tech- 
nique, one which readily reflects the release of LH, and to a certain 
extent registers its quantitative aspects and time relationships, in re- 
sponse to estrogen in the rat (Everett, 1947). If female rats are in- 
jected with estrogen on the fourth day of pregnancy, they regularly 
ovulate on the second night thereafter and a rich deposition of cho- 
lesterol occurs in the corpora lutea at about the same time. LH in- 
jected on the fifth day of pregnancy causes both ovulation and cho- 
lesterol storage within 18 hours even if the hypophysis is removed at 
the time of injection. 

In the present study we have administered blocking agents in 
conjunction both with estrogen and with LH. The results to be pre- 
sented below indicate strongly that the estrogen stimulus for the re- 
lease of LH is exerted primarily upon the nervous system and only 
indirectly on the hypophysis itself. The neurogenic stimulus, initiated 
or facilitated by estrogen, contains both cholinergic and adrenergic 
components as in the rabbit. Neurogenic stimuli effective in releasing 
sufficient LH to induce ovulation are not initiated, under the condi- 
tions of the experiment, until at least 20 hours after the administra- 
tion of estrogen. Part of the results of the present work have already 
been reported in abstract form (Sawyer, Everett, and Markee, 1948; 
Everett, Sawyer and Markee, 1948). 

MATERIALS AND METHODS 

Sixty sexually mature female albino rats of the inbred Vanderbilt strain 
(a derivative of the Osborne-Mendel colony) were used in this study. Each 
was mated during proestrus, as determined by daily vaginal smears, with a 
known fertile male. If sperm were present in the smear the folloAving morning, 
pregnancy was dated with that morning as zero time. 

Estradiol benzoate was administered in sesame oil by subcutaneous in- 
jections. The standard dose, at a concentration of 0.33 mg./ml., was 50 jug. 
(0.16 ml.). Two samples of purified sheep hypophyseal LH® were used 
(F 118 and 16HM3).T)osqs of 3 mg. of either material in aqueous solution 
(10 mg./ml.) were known to be fully effective in ovulating pregnant rats 
and producing cholesterinization of their corpora lutea within 18 hours. 

Solutions of Dibenamine hydrochloride and atropine sulfate (USP XIII, 
Mallinckrodt) were prepared from the salts just prior to injection. Dibena- 
mine was first dissolved in 95% alcohol at a concentration of 100 mg./ml. 
and this solution was diluted to a final concentration of 10 mg./ml. Avith 
unbuffered Ringer-Locke solution. With the use of a tuberculin syringe and a 

® These preparations of LH were generously contributed by Dr. R. K. Meyer, 
University of Wisconsin. They were assayed in his laboratory for both FSH and LH 
activity. In P 118 no FSH was detectable in 3.3 mg. (0.5 gm. equivalent of the whole 
dried gland), j'et the same quantity augmented ovarian stimulation by a standard 
FSH preparation (average ovarian weight in LH and FSH : 60 mg., contrasted^ with 45 
mg. produced by FSH alone). In 15HMS very slight FSH activity was found in 5 mg. 
(0.5 gm. equivalent), while the same quantity with FSH gave marked augmentation 
(average ovarian weight: ! 15 mg.). 
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27 gauge needle the Dibenamine solution was injected very slowly (about 
0.5 ml./minute) into the small saphenous vein of the unanaesthetized rat. 
The injection was performed slowly because the amount of the drug tolerated 
on slow administration is much greater than on rapid injection (Nickerson 
and Goodman, 1947). The foot and leg were prepared by swabbing with 70% 
alcohol and shaving off the hair, and the vein was usually entered below the 
ankle. The injection technique requires two people, one to hold the rat, pre- 
^'iously wrapped in a towel, and the other to perform the injection. The 
site is an excellent one for highly effective intravenous injections because the 
outline of the vein is sharply demarcated, and the needle may be held in the' 
vein by the operator’s hand which is clasping the rat’s foot. 

Preliminary experiments to determine the optimal dosage of Dibenamine 
employed 15 adult male rats. They were injected with doses ranging from 
20 to 40 mg. per kg. For reasons to be presented below, 30 mg./kg. was 
adopted as the standard blocking dose although, as we shall see, it is not com- 
pletely effective in blocking estrogen-induced liberation of LH. 

Atropine sulfate was dissolved directly in Ringer-Locke solution. Pre- 
liminary attempts to find an intravenous blocking dose revealed that rats 
would tolerate a dose of 50 mg./kg. while 60 mg./kg. was lethal to one and 
almost fatal to 2 others out of 4. The intravenous injection of 50 mg./kg. 
atropine, however, failed to block estrogen-induced ovulation, probably 
because its effect was too short-lived. Therefore, the subcutaneous route was 
subsequently employed. The solution was made up as 70 mg./ml . ; at this 
concentration it required only a sirriple calculation to administer the effective 
subcutaneous dose, 700 mg./kg. (Hoick, 1942) — one ml. was injected per 
100 mg. of body weight. 

In a typical experiment Dibenamine was injected intravenously at 11 
A.M. on the fourth day of pregnancy, and one hour later estradiol benzoate 
was injected subcutaneously. In another series of experiments, estrogen was 
administered at noon on the fourth day of pregnancy and Dibenamine at 
8 A.M. bn the fifth day. Atropine was injected subcutaneously, always at 
about 8 A.M. on the fifth day of pregnancy. LH was injected at 11 a.m. or noon 
on the fifth day. The animals were usually killed with illuminating gas and 
autopsied on the morning (occasionally earlj"^ afternoon) of the sixth day. 
The ovaries were examined in physiological saline under a dissecting micro- 
scope for external e%ddences of stimulation by LH: hypertrophy, hyperemia 
or rupture of the largest set of follicles and a shift in the relative lipid content 
of interstitial tissue and corpora lutea of pregnancy. Tubal ova were visual- 
ized by removing the ampullar end of the oviduct and flattening it in saline 
with a cover slip on a microscope slide. 

One or 2 corpora lutea were removed for fixation in 10% formol and the 
remainder of the ovary was fixed in Zenker’s solution. The Zenker-fixed 
material was embedded in parafiin, sectioned at 10//, or occasionally at 15/i, 
and stained vdth Harris’ hematoxylin and a modification of Mallory’s tri- 
acid stain (Everett, 1943). The formalin-fixed pieces were sectioned on the 
freezing microtome at 30// and were studied for cholesterol content by the 
Schultz technique (Everett 1945, 1947). 

RESULTS 

T/ie optimal dose of Dibenamine. In preliminarj^ tests of survival 
at various Dibenamine dosage levels, employing 15 male rats, the 
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following results were obtained ■ (the dosage is followed by the pro- 
portion which survived) ; 20 mg./kg., 1/1 ; 25 mg./kg., 5/5 ; 30 mg./kg., 
4/6; 35 mg./kg., 1/2; and 40 mg./kg., 0/1. The animal which received 
the 40 mg./kg. dose and one of those which was injected with 30 
mg./kg. died almost immediately; the others which failed to survive 
succumbed during the first night. The rest lost from 5 to 15% of their 
body weight during the next 2 or 3 days, the loss being attributable 
at least in part to a temporary loss of appetite. 

Inasmuch as 25 mg./kg. was the highest dose which all the rats 
survived, this dosage was injected in, the first attempts to block es- 
trogen-induced ovulation. Of 5 female rats receiving this dose of 
Dibenamine prior to estrogen administration (5 jug- estradiol benzo- 
ate) on the fourth day of pregnancy, 3 were found at autopsy to have 
ovulated. The 5 ng. injection of estradiol benzoate was not completely 
effective in inducing ovulation: when this dose was administered in 
the absence of Dibenamine, only 2/4 rats o\mlated. However, as- 
suming 5 Mg- estrogen to be a completely adequate stimulus, 25 
mg./kg. of Dibenamine would be only 40% (2/5) effective in blocking 
estrogen-induced ovulation. Therefore a dose of 30 mg./kg. of Di- 
benamine was adopted for further experiments which assayed to block 
the estrogen induced liberation of LH. 

Effects of Dibenamine and atropine not directly concerned with gonado- 
trophic function. No attempt was made to study in detail the pharma- 
cological actions of Dibenamine and atropine. We were, however, im- 
pressed by the constancy of certain sequelae of drug administration 
to the female rats in attempted-blocking experiments. Some of these 
observed responses will be reported here. 

Within a few seconds after an intravenous injection of Dibenamine 
(10 mg. /ml.) was begun, a predictable jerk of skeletal musculature 
would all but dislodge the needle. From that instant until the termina- 
tion of injection (the dose of 30 mg./kg. required 0.60 ml. for a 200 
gm. rat, and the time consumed was more than a minute) the muscu- 
lature remained rigid or trembled. Within the next 2 or 3 minutes, 
following release of the rat to its cage and continuing for 5 to 10 
minutes, spontaneous contractions of the extensor trunk musculature 
would pull the rat to an upright posture on its hind legs, from which 
position it would fall backwards or sideudse. The sequence would be 
repeated several times, after which the rat would remain prone and 
quiescent for some hours. Even the following day the rat usually was 
lethargic and often felt cold to touch. It was observed not to feed 
during the first several hours after injection and undoubtedly lost 
weight, as did the males in preliminary experiments. The dose of 30 
mg./kg. of Dibenamine was somewhat better tolerated by female rats 
in blocking experiments than by the males iii preliminary injections, 
perhaps d\ie to more careful, slower administration to the females. 
Only 3 females of 45, which received Dibenamine in the current 
series, expired before the intended hour at which each experiment was 
to be terminated. 
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Certain observed reactions to Dibenamine might be classified as 
cholinergic phenomena. Within a few minutes after injection there 
was usually profuse sahvation, occasional^ so copious that it inter- 
fered vith breathing. Within an hour after injection there was often 
eiddence of chromodacryorrhea, porph 5 rrin secretion by the Harderian 
glands, appearing as “bloody” tears. The porphyrin nature of the 
secretion was ascertained in the present experiments by its red fluore- 
scence in ultraviolet light. Chromodacryorrhea is a chohnergic re- 
sponse and has been used as a test for the presence of acetylcholine 
(Tashiro et al., 1940). The pupillary constriction, however, which was 
so constant in the Dibenamine-treated rabbit (Sawyer et al., 1947), 
was only occasionally observed in the rat. Another fairly common oc- 
currence was the excretion, within the first hour after injection, of 
bloody urine. The pigment in the urine was found, on spectroscopic 
analysis, to be actually oxyhemoglobin. The presence of hemoglobin 
in the urine, in contrast vith secreted porphyrin in the tears, is in- 
dicative of extensive destruction of erythrocytes by Dibenamine. 

A quite constant effect of Dibenamine in conjunction with estro- 
gen (but not vdth LH) was the subcutaneous deposition of a mucoid 
material in. the thigh, inguinal region and sometimes the whole ab- 
domen on the side of the Dibenamine injection site. The mucoid was 
readily located even without making an incision because it separated 
the sldn and the underlying muscle in such a way that the skin ap- 
peared translucent. As will be mentioned below there appeared to be 
a positive correlation between the abundance of the mucoid and the 
degree of blockage of estrogen-induced release of LH. 

Subcutaneous injection of atropine sulfate (700 mg./kg.) was 
followed within a minute or two by maximal dilatation of the pupil. 
Before autopsy the external abdominal wall was observed to be wet 
■with urine and this incontinence was related at autopsy to a maxi- 
mally dilated, atonic bladder. The skin and connective tissue at the 
site of injection were very hyperemic and the underlying muscular 
wall was rigidly contracted. 

Injection of estrogen alone on the fourth day of 'pregnancy. Subcu- 
taneous injection of 50 jug. estradiol benzoate into 8 female rats on the 
fourth day of pregnancy resulted in o-vulation and cholesterol storage 
in aU S as observed at autopsy on the sixth day (figure 1, A). All of 
the pregnancies were interrupted: none of the uteri were gra'vid on 
the sixth da 3 ^ Tubal ova were -visualized and rupture points of new 
corpora lutea were observed in each case. The corpora lutea of preg- 
nancy all appeared fatty and all gave strongly positive (-f -k) Schultz 
tests. These observations confii-m the findings of Everett (1947). In 
figine 1, A (as also in 1, C, and 2, D) the -k Schultz reaction shown in 
the fifth-day corpus luteum is based directly on the earher work; 
none of the 8 estrogen-treated females in the present study was 
autopsied before the sixth day. 

Injection of both Dibenamine and estrogen on the fourth day of preg- 
nancy. The results of injecting Dibenamine into 12 female rats one 
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Pig. 1. Diagrammatic illustrations of experiments bn the effects of estrogen and 
Dibenamine administration to the pregnant rat. Each horizontal group depicts the daily 
growth of a follicle and a corpus luteum of pregnancy from the day on which sperm 
were found in the vaginal smear (zero time). The symbols minus (— ) and plus (+) 
represent degrees of luteal cholesterinization as determined by the Schultz test. 

A. Estrogen, injected on the fourth day of pregnancy, induced LH release as evi- 
denced by ovulation and storage of cholesterol in the corpus luteum of pregnancy 
within 48 hours. A slight cholesterinization was evident at 24 hours (Everett, 1947). 

B. Dibenamine, injected just before estrogen on the fourth day, blocked estrogen- 
induced ovulation in 6/12 rats and blocked cholesterol storage in 3/12 rats. 

C. Diberiamine, injected 20 hours after estrogen, blocked estrogen-induced ovula- 
tion in 9/12 rats and blocked cholesterinization in 6/12 rats. 


hour prior to the administration of estrogen on the fourth day of preg- 
nancj’’ are summarized in figure 1, B. Nine rats of this series revealed 
strongly Schultz-positive corpora lutea and 6 of these 9 ovulated. 
The follicles in the 6 rats which failed to ovulate showed no evidence 
of stimulation by LH; they contained ova with resting nuclei and 
there was no indication of secondary follicular liquor. 
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2 of the 12 ovulated. On the other hand, 9 rats had httle or no mucoid, 
and 6 of these ovulated; the other 3 had strongly Schultz-positive 
corpora lutea. The remaining 3 (out of 24) had a mucoid deposit of 
intermediate size; one was completely blocked, one stored cholesterol 
in corpora lutea without ovulating, and the third o\uilated and had 
Schultz-positive (-[--f- to + + +) corpora lutea. 

Injection of LH on the fifth day and Dihenamine on the fourth or 
fifth day of pregnancy. Figure 2, A graphically summarizes the results 
of injecting LH on the fifth day of pregnancy: ovulation and cho- 
lesterol storage in the corpora lutea of pregnancy at autopsy on the 
sixth day (Everett, 1947). Of 5 female rats, in the present experi- 
ments, which received LH on the fifth day, 3 received Dihenamine at 
11 A. M. on the fourth day and 2 at 8 a. m. on the fifth day. As il- 
lustrated in figure 2, B, all 5 ovulated and had strongly Schultz- 
positive corpora lutea. The rats differed from many of the estrogen- 
Dibenamine-treated animals in this respect — none revealed any ab- 
dominal mucoid whatever. Whether the mucoid requires a Mgh es- 
trogen level for its manifestation or whether conditions attending 
ovulation induce its dissolution cannot be determined from the pres- 
ent data. 

Injection of atropine and LH on the fifth day of pregnancy. Just as 
Dihenamine fails to block the effects of LH administration so does 
atropine. Figure 2, C summarizes the results of injecting 700 mg./kg. 
atropine sulfate subcutaneously at 8 a.m. and LH at 11 a.m. on 
the fifth day of pregnancy. At autopsy all had gravid uteri and dilated 
ampullae with visible ova. The ovaries revealed new corpora lutea 
with rupture points, a somewhat dull and watery interstitial tissue 
and fatty corpora lutea of pregnancy which gave a 4-+ to + + + 
Schultz reaction. 

Injection of estrogen on the fourth day and airopme on the fifth day 
of pregnancy. Five pregnant rats were treated with atropine 20 hours 
after estrogen as illustrated in figure 2, D. Of these, 4 showed no 
signs whatever of stimulation by LH. The ovaries contained fatty in- 
terstitial tissue, pallid corpora lutea of pregnancy and clear, non- 
hyperemic follicles about 0.7 mm. in diameter. In sections these 
follicles were observed to contain ova with resting nuclei only. The 
fifth rat revealed no tubal ova nor readily visible ruptured follicles; 
the only external sign of stimulation Avas a shghtly hyperemic, less 
fatty interstitial tissue. In sections, however, one follicle was observed 
to have ruptured, and another shoAved preovulatory changes ; further- 
more the corpora gave a + + Schultz test. 

Not illustrated in the diagrams are the negative results Avith in- 
travenous atropine. Three pregnant rats treated Avith estrogen on day 
4 were injected intravenously with atropine sulfate (50 mg./kg.) at 
8 a.m. on da3'' 5. At autopsy on day 6 they all shoAved completed 
oAoilation, interstitial tissues considerably depleted of lipid and fatty 
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corpora lutea ivhich gave strongly positive Schultz reactions. The 
failure of intravenous atropine to block the discharge of LH may 
well be due to elimination or inactivation of the drug prior to the 
beginning of stimulation of the LH release mechanism. 

DISCUSSION 

It is a well established fact that sex hormones can in some wa 3 ^ in- 
fluence nervous actmtJ^ For instance, behavior maj'' be considerably 
modified bj’’ an excess or deficiencj’^ of estrogen or testosterone (Beach, 
1948). It has also long been recognized that the nervous S 3 'stem ma 3 ’' 
be involved in the release of certain h3T3ophyseal hormones. Luteiniz- 
ing hormone in the rabbit and luteotrophic hormone in the rat are 
released in response to copulation or artificial neural stimulation. 
Furthermore, there is abundant evidence, to which reference has al- 
read 3 '’ been made, that estrogen stimulates or facilitates the release 
of luteinizing hormones in spontaneously ovulating species. To the 
best of our knowledge, however, our work presents the first convincing 
demonstration that the estrogen stimulus for the release of LH in- 
volves the intermediation of the nervous S 3 '^stem. 

Several earlier workers, notabl 3 ’' Hohlweg and Junkman, Herold 
and Effkeman, and Westman and Jacobsohn, reported results which 
implicated the nervous system in sex-hormonal control of the hy- 
poph 3 ’’sis. These authors were largely concerned, hov'ever, with the 
production or synthesis of the gonadotrophic hormones rather than 
with their release. As will be pointed out below, their experiments on 
“release” are open to criticism. 

Hohlweg and Junkman (1932) and Hohlweg (1936) observed that 
castration cells do not develop in hypophyses that have been removed 
from their normal neural relationships, The 3 '^ proposed a hypothetical 
“Sexual centrum” from wliich emanated the nervous impulses respon- 
sible for castration cell formation. When blood estrogen level reached 
a threshold value it inhibited the sex center from stimulating further 
production of FSH. Since, however, injected estrogen induced the 
same cytological changes in transplants as in intact h3Tpophyses, they 
believed that estrogen’s influence on LH was a direct one, independ- 
ent of the nervous S 5 "stem. An interesting, although often overlooked, 
preliminary finding, mentioned by Hohlweg and Junkman (1932), is 
that atropine^ blocks the development of castration cells in the h 3 - 
pophyses of immature spa 3 ’^ed rats. As was mentioned earher, the ob- 
servation that the formation of castration ceils requires the integrit 3 ’^ 
of the pituitar 3 ’' stalk, has been confirmed many times. 

Herold and Effkemann (1938) reported results which purported to 
demonstrate that estrogen stimulates the release of LH ^da the ner- 
vous s 3 ’stem. They cut the pituitary stalks in immature female rats and 
treated them with estrogen during the next 13 to 28 da 3 '^s, starting 
injections on the fifth to the eighth post-operative day. At autopsy 
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they noted the absence of luteinized ovarian follicles. Westman and 
Jacobsohn (1938, c), however, observed that stalk-sectioned hypoph- 
yses lose their gonadotrophic potency within 4 days. It seems prob- 
able, therefore, that Herold and Effkemann were attempting to stim- 
ulate the release of LH after the effective gonadotrophin content of 
the hypophysis had become depleted. 

Westman and Jacobsohn (1938, b) considered neural stimuli en- 
tering along the pituitary stalk to be essential for the production but 
not for the release of gonadotrophic hormones. They observed that 
estrogen would induce luteinization of the ovaries of imhiature rats 
if injected 4 days before hypophysectomy or 2 ^ days before stalk 
section. This was interpreted to mean that the production of gonado- 
trophic hormone ceased when the stalk was cut but that estrogen,. by a 
direct effect on hypoph3'’seal cells, could liberate the LH already pro- 
duced. We would suggest, rather, that the estrogen-facilitated neuro- 
genic stimulus for the release of LH had reached the hypophysis by^ 

days and that release of the hormone involved a day and a half. 
In another paper Westman and Jacobsohn (1938, c) claimed to have 
demonstrated the stimulation of release of "gonadotrophic” hormone 
in adult estrous rats whose stalks had just been severed. Electrical 
stimulation of the vaginae, 2 to 5 hours after cutting the stalk, was 
followed by the development of functional corpora lutea as evidenced 
by- deciduoma formation. Unfortunately, the experiment was not 
controlled to show that severing the stalk would, of itself, fail to stim- 
ulate the release of the hormone (luteotrophin in this case; it seems 
probable that LH had aheady been released since these animals were 
in full estrus). It should be noted that Friedgood and Bevin (1941) 
induced pseudopregnancy in the rat by non-specific neck operations. 

There is little doubt that estrogen produces certain growth effects 
on hypophyseal cells independently of nervous influence, since these 
occur in grafts and in hypophyses whose stalks have been cut (for 
references see introduction). For the control of many other gonado- 
trophic phenomena, however, direct hormonal action has been ques- 
tioned by the investigators who champion the concept of nervous in- 
tervention. The operative techniques of these workers have been 
criticized for damaging the hjqjophysis. The present work avoids this 
criticism by replacing surgical procedures with a chemical blocking 
action which does not alter the structural relationships of the hypo- 
physeal nerves and blood vessels. The resulting complementary evi- 
dence of neural involvement in gonadal control of the hypophysis is, 
therefore, especially significant. 

Since removal of the cervical sympathetic ganglia does not impair 
gonadotrophic function (Vogt, 1931, 1933) the lo^cal pathway for 
transmission of nervous influence to the hypophysis is the pituitary 
stalk. Vriiy, then, have so many investigators observed little or no 
decrement in gonadotrophic function following stalk section? It may 
be, as Westman, Jacobsohn and Hillarp (1943) suggest, that the 



March, 1949 ESTROGEN AND LH RELEASE IN THE RAT 


229 


operations were incomplete and that a tuberalis-distalis connection 
remained intact. However, an alternative explanation is that the final 
pathway is the portal system and that these vessels may regenerate 
(Harris, 1948). Regeneration of I'-essels would also account for the 
return of function in hypophyseal transplants into the sella (Greep, 
1936). Transplants to other sites have not become normally functional 
(Schweizer, Charipper and Haterius, 1937; Westman and Jacobsohn, 
1940). May (1937), however, reported in 2 questionable eases that in- 
traocular hyTpophyseal transplants in female rats were conducive to 
normal sex function. The fact that transplant removal did not im- 
mediately result in anestrus indicates that hy'pophysectomy was in- 
complete. Several workers who claimed that gonadotropliic function 
was intact after stalk section reported temporary periods of impaired 
function (Dempsey, 1939; Dempsey and Searles, 1943). Regeneration 
of portal vessels would have been prevented by Westman and Jacob- 
sohn’s (1937) operation in rats; they inserted a metal-foil barrier be- 
tween the hyqiothalamus and the hypophy^sis. Westman, Jacobsohn 
and Hillarp (1943) emphasized the importance of the tuberalis-dis- 
talis connection. If this region was intact the whole infundibular process 
could be removed vdthout interfering with sex function, but cutting 
the tuberalis-distalis connection led to gonadal atrophy. Westman, 
Jacobsohn and Hillarp favored the idea of neural control by tiny 
nerve fibers which they'' described entering the distalis through the 
tuberalis. Their results fit equally’' well the portal sy^stem hy’pothesis — 
perhaps even better, for Green (1948) has described as reticulum, 
fibers in the same location as the Swedish investigators’ “nerve” 
fibers. 

Humoral control of the rabbit hypophysis is supported by the re- 
sults of Markee, Sawyer and Holhnshead (1946-1948). The hy'-pophy'- 
sis itself was electrically^ inexcitable to stimuli wliich, apphed directly'- 
to the tuberal region of the hy'pothalamus, produced a maximal dis- 
charge of LH. The hormone was also liberated in response to small 
amounts of adrenaline injected directly into the pars distalis. The 
rabbit’s utilization of an adrenergic agent in the natural stimulus for 
LH release was e'videnced by the ability of Dibenamine to block 
copulation-induced o^’ulation (Sawyer, Markee and Holhnshead, 
1947). Recently, atropine-block of coitus-stimulated o-vulation has 
given indirect er'idence of a choUnergic component in the neurogenic 
control (Sa-wy'er, Markee and Townsend, 1949). The chohnergic 
component precedes, and niay stimulate, the adrenergic component. 
Inasmuch as the estrogen-facilitated stimulus in the rat is also blocked 
by both adrenolytic and antichohnergic agents, the same sequence 
may hold for the rat. If so, then the influence of estrogen must be 
exerted no further peripherally’- than the site of action of the choh- 
nergic component; otherwise atropine would not block it. 

In the rat subcutaneous atropine blocks estrogen-induced o^'ula- 
tion and cholesterinization more effectively^ than does intravenous 
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Dibenamine. Dibenamine cannot be used subcutaneously because of 
its extreme toxicity. The reason that intravenous Dibenamine is not 
completely effective in blocking the stimulus for release of LH when 
given on the fifth day appears to be that 30 mg./kg. is not above the 
blocking threshold for all rats. In the fourth day injections, another 
factor enters in : possible partial inactivation of Dibenamine before the 
neurogenic stimulation has occurred. This inactivation is indicated by 
the fact that the same dose on the fifth day is more effective than on 
the fourth day. The fact that ovulation and preovulatory swelling are 
blocked more effectively than cholesterol storage confirms Everett’s 
(1947) observation that in the pregnant rat, corpus luteum cholester- 
inization is a more sensitive indicator of LH release than is ovulation. 

In what manner does estrogen operate m influenceng the neuro- 
gem' c stimulation of LH release? The fact that blocldng agents are 
still effective 20 hours after the estrogen injection, whereas certain 
vascular effects of estrogen are most pronounced only 6 hours after 
injection (Astwood, 1939) suggests that the influence of estrogen on 
the nervous system is a slow indirect type of action. Quite possibly 
the same sort of influence is exerted in this situation as in the hormonal 
control of mating behavior. Beach (1948) has suggested that sex 
hormones influence behavior most likely by altering sensitivity to 
external stimulation. They are not primary stimulators but they 
potentiate or diminish neural effects by increasing or decreasing the 
responsiveness of nervous mechanisms to afferent impulses. Could 
not estrogen in the rat influence LH release in this manner? Tliis 
question is discussed at length in the following paper (Everett, Sawyer 
and Markee, 1949). 

If extrinsic factors are primary stimuli for the release of LH in 
"spontaneously” ovulating species, the only fundamental difference 
between the rat and the rabbit, in this respect, may be the nature of 
the receptors and of the afferent neural pathways. It is of interest, 
in this connection, that estrogen appears to alter the sensitivity of 
the LH release mechanism in the rabbit as well as the rat. Dury and 
Bradbury (1943) observed that estrogen lowered the threshold to 
stimulateon of LH release in the rabbit by copper salts. Klein (1947) 
reported that copulation in the pregnant or pseudopregnant rabbit, 
which usually does not induce ovulation, is effective in releasing LH 
if the rabbit is previously treated with estrogen. 

Certain methods of treatment with estrogen in the rat may so alter 
the sensitivity that the type of receptor ' mechanism, capable of in- 
ducing the release of a hypophyseal hormone, may change. The re- 
lease of luteotrophic hormone (lactogen) is usually stimulated at 
copulation, or it may be induced by artificial vaginal stimulation. 
Estrogen, however, if administered at the proper time, may induce 
the “spontaneous” release of lactogen as evidenced by pseudopreg- 
nancy (see Sawyer and Everett, 1946, for references to the earlier 
literature). 
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Progesterone maj’' either inhibit or facilitate release of LH in the 
rat, depending on dosage and time of injection (Everett, 1948). The 
effects of this hormone on the hypophysis may also be explained on 
a basis of altered sensithity to extrinsic nervous stimulation. Just as 
estrogen can change the type of effective receptor mechanism so can 
progesterone. The persistent estrous rat will occasionally ovulate in 
response to mating or "spontaneously” on Injection of progesterone 
(Everett, 1939). In the rabbit chronic treatment with progesterone 
inliibits the response (release of LH and ovulation) to mating (Make- 
peace et al. 1937) and to copper salts (Friedmann, 1941). Unpubhshed 
results of Everett and Sawj'^er indicate that the “stimulating” effects 
of progesterone in the rat are blocked by adrenolytic and anti- 
chohnergic agents. 

The concept of a sex center controlling gonadotrophic activity 
may well be re\’ived. In terms of the more recent e^ddence it would 
be a locus in the nervous system at which sex hormones alter the sen- 
sitivity to extrinsic stimuli and thus influence h 3 rpophyseal secretion. 
The "sex center” for control of mating behavoir in the cat was local- 
ized near the rostral end of the mesencephalon (Bard, 1940). In view 
of gonadotrophic disturbances resulting from hypothalamic lesions 
(Dey, 1943) and the extreme sensitivity of hypothalamic nuclei in 
experiments on the electrical stimulation of the release of LH (Hater- 
ius and Derb 3 ^shire, 1937 ; Harris, 1937 ; Markee, Sawyer and Hollins- 
head, 1946; Harris, 1948), the hypothalamus would appear to be the 
most likely site of the gonadotrophic sex center. 

SUMMARY AND CONCLUSIONS 

It has been generally accepted that, in polj’^estrous animals, es- 
trogen stimulates the release of luteinizing hormone by a direct action 
on adenohypophyseal cells. The present study, emplojdng 60 mature 
female -rats, introduces comdncing evidence that the nervous system 
is involved in the estrogen-induced discharge of hypophyseal LH in 
the rat. 

In the pregnant rat, injection of estrogen on day 4 is followed 
within 48 hours by ovulation and storage of cholesterol in the corpora 
lutea of pregnancy. Both of these phenomena are indicative of LH 
release, and they may be duphcated by injecting LH on the fifth day 
of pregnancjL If the potent adrenergic-blocking agent, Dibenamine, 
is injected prior to, or as much as 20 hours after estrogen administra- 
tion, o^mlation and luteal cholesterinization are prevented in a high 
proportion of the cases. The effects of injected LH are, however, not 
counteracted bj-- Dibenamine. The anti-cholinergic drug atropine also 
allows injected LH to manifest its effects but, like Dibenamine, 
blocks estrogen-induced ovulation and luteal cholesterinization. 

It has been amplj’- demonstrated bj-- experiments in the rabbit that 
Dibenamine and atropine prevent the release of luteinizing hormone 
only by blocking neurogenic stimuli from reaching the hjTiophj’^sis. 
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The drugs interfere neither with the mechanism of glandular discharge 
of the hormone nor with the action of LH on its target organs. The 
present experiments demonstrate that estrogen-induced release of LH 
in the rat is blocked by the anti-adrenergic and anti-cholinergic drugs. 
It is therefore concluded that this effect of estrogen on the rat hypoph- 
ysis is mediated, at least in part, by the nervous system. It is sug- 
gested that estrogen exerts its action by facilitating, or lowering the 
threshold to, extrinsic stimulation of a gonadotrophic sex center prob- 
ably located in the hypothalamus. 
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A NEUROGENIC TIMING FACTOR IN CONTROL 
OF THE OVULATORY DISCHARGE OF 
LUTEINIZING HORMONE IN THE 
CYCLIC RAT' 

JOHN W. EVERETT, CHARLES H. SAWYER 
AND J. E. MARKEE 

Frovi the Department of Anatomy, Duke University School of Medicine 

DURHAM, NORTH CAROLINA 
INTRODUCTION 

It was reported in the preceding paper (Sawyer, Everett ‘and 
Markee, 1949) that a neural factor is involved in the release of LH^ 
from the female rat hypophysis in response to estrogen treatment, 
thus extending to a “spontaneously” ovulating species principles 
which had been previously disclosed in the rabbit (Markee, et al., 
1946, 1948; Sawyer, et ah, 1947, 1948). Although estradiol benzoate 
injected on the fourth day of pregnancy in the rat regularly induces 
ovulation within 48 hours (Everett^ 1947), this effect could be pre- 
vented in most cases by Dibenamine or atropine, administered as 
late as 20 hours after the estrogen. It was proposed that estrogen 
modifies the threshold of activation of an hypothalamic center, or of 
certain afferent pathways leading to the “center,” and that a chief 
difference between the rabbit and rat lies in the particular afferent 
pathways concerned. 

While in the domestic rabbit the most important nervous path- 
ways concerned with the LH-release mechanism are those which are 
activated directly or indirectly by copulation, these are generally 
thought to have no influence on discharge of luteinizing hormone in 
the rat. Here, the only exteroceptive pathways known to be concerned 
in regulation of the onset of estrus and of ovulation time are optic 
(Hemmingsen and Krarup, 1937 ; Brownian, 1937) and perhaps 
thermal (Lee, 1926; Brownian, 1943, b; Dempsey and Searles, 1943). 
In the absence of light the normal nocturnal activity and estrous 
rhythms can be maintained or reversed by maintaining or reversing 
the 24-hour rhjdhm of temperature fluctuation (Browman, loc. cit.). 
Conceivably, as estrogen secretion increases, the thresholds in these 
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recognizing that FSH also enters into preovulatory stimulation of follicles. The effects 
with which we are concerned here may largely express quantitative rather than quali- 
tative differences in gonadotrophin secretion. 
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systems and in a variety of others are lowered (Beach, 1948), eventu- 
ally resulting in a discharge from the “sex center” in the hj'pothal- 
amus. 

It was obATOusly important to extend the experiments to the 
normal cyehc omlation. The results of that study are the subject 
matter of the present report. It will be demonstrated that cyclic 
ovulation can be blocked by injection of either Dibenamine or atrop- 
ine as late as 2 p.m. on the day of proestrus. Dibenamine gives some- 
what less constant results than atropine. Injections of either drug at 
4 P.M. are almost entirely ineffective, indicating that in our colony 
neurohumoral stimulation of the anterior lobe occurs sometime be- 
tween 2 and 4 p.m., about 9 to 11 hours before ovulation. A prelimi- 
nary account of a part of these results was recently published (Everett, 
Sawyer and Markee, 1948). 

MATERIALS AND METHODS 

The techniques of administration of Dibenamine and of atropine were 
those described bj’’ Sawyer, Everett and Markee (1949). Dibenamine was 
injected intravenously, the concentration being 10 mg./ml. and the stand- 
ard dose 30 mg./kg. Atropine sulphate at a concentration of 70 mg./ml. in 
Ringer-Locke solution was injected subcutaneouslj’-, the standard dose being 
700 mg./kg. 

In this study 87 cyclic female rats of the inbred Vanderbilt (Osborne- 
Mendel) strain were used. The definitive experimental groups, comprising 
68 rats, include only animals having histories of regular 4-day cycles (sub- 
strain Va). The remaining 19, used during the exploratory stage of the 
work, were 5-day cyclic females mostly of the substrain Vc. These two sub- 
strains have recently been described (Everett, 1948) with respect to predict- 
ability of length of cycle and of the time of oblation. It was stated that 
in the Va substrain, in which most cycles are 4 days long, if a given animal 
has experienced 2 observed 4-day cycles in sequence the probability is about 
93% that the next cycle will also be of that length. In the Vc substrain, on 
the other hand, most females are 5-day cyclic. After 2 successive observed 
cycles of that duration the probabilities are about 90% that the next cycle 
will be similar, 94% that it will not be prolonged. These probabilities are 
further improved b 5 '- selection of animals showing characteristic proestrous 
vagiijal smears on the morning of expected proestrus (8-10 a.m.). In the 4- 
day cj’^clic group 25 to 30% of the animals still present a few leucocjdes in the 
smears at this time. Where such rats were used the degree of vaginal in- 
tumescence was employed as an additional criterion and an earl}" afternoon 
smear was prepared in confirmation. No attempt was made to use the 
criterion of psj’-chic estrus, as the sj"stemic effects of the drugs are such that 
no reliance could be placed upon it. The time of ovulation in the 4-day 
Va rats is between 1 and 2:30 a.m. during the early morning of the day fol- 
lowing proestrus. Comparable data on 5-day cyclic rats have not been 
obtained, but the histological appearance of their new corpora lutea during 
the late morning after oimlation (vaginal stage III) strongly indicates that 
here also ovulation occurs not long after midnight. 

The regularity of cycles and the c-onstgiitly close relationship of ovulation 
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time to hours of the day may be ascribed to the genetic homogeneity of the 
animals and to the uniformity of the diurnal rhythm of lighting. The colony 
lighting is entirely controlled by a time switch, the lights being on for 14 
hours each day. The period of darkness is thus 10 hours. 

The experimental procedure in general outline was as follows: One or the 
other drug was administered at a certain hour of the day of proestrus (8-9 
A.M., 2 P.M., 4 P.M., 5 P.M., or 6:45 p.m.). Autopsy was routinely performed 
on the following morning between 8 and 10:30 a.m., after killing the animal 
with illuminating gas. (In a few cases, as specified later, the experiments were 
continued longer.) The status of the uteri was noted with respect to hypere- 
mia, reactivity to manipulation and, especially, degree of distention and 
fluid content. Both ovaries with tubes attached were rernoved to a dish of 
physiological saline. Under a dissecting microscope the presence or absence 
of dilatation of the ampullae of the oviducts was observed. The ampullae 
were excised and transferred to a drop of saline on a microscope slide. After 
straightening their coils, a cover slip was applied and the preparation was 
observed under the low power of a compound microscope by transmitted 
light. Tubal ova, if present, are usually readily visible by this means. Each 
ovary was then carefully freed from surrounding structures by incising the 
capsule and clipping the mesovarium with iridectomy scissors. The status 
of follicles was observed — whether clear or hyperemic, degree of hyperemia, 
approximate diameter, etc. Rupture points were looked for. The appearance 
of the interstitial tissue was recorded — ^^vhether markedly fatty as it is nor- 
mally during proestrus, or dull and Avatery, indicative of the cholesterol 
depletion which takes place during estrus (see beloAv). The corpora lutea of 
the preceding cycle were observed for the apparent degree of fat content. 
On the day after ovulation they are normally distinctly creamy, in contrast 
with a relatively pallid aspect during proestrus (Everett, 1945). 

Routinely, one or both ovaries were preserved in Zenker’s fluid for 
paraffin imbedding and serial sectioning. Where a full set of tubal ova was 
found (6 to 11), such preparations often seemed unnecessary and in only a 
few such instances did we serially section even one ovary. In representative 
cases in most of the experimental groups portions of one or both ovaries, or 
an entire ovary, were fixed in 10% formalin. Frozen sections Avere cut at 30p 
thickness and were examined by the Schultz test for cholesterol content of 
the interstitial tissue and corpora lutea (Everett, 1945, 1947). One index 
of LH action on the ovary is depletion of interstitial cholesterol content 
(Claesson and Hillarp, 1947), tending to be most pronounced near ripe folli- 
cles and in the vicinity of ncAv corpora lutea (EA'^erett, 1947 and unpub- 
lished). Increased cholesterol^ storage, in [corpora lutea of the previous 
cycle is also a measure of LH action under certain conditions (Everett, 1945, 
1947). Thus, our 3 criteria of LH secretion are: (1) oAmlation or preovulatory 
swelling; (2) cholesterol depletion in the interstitium, as evidenced grossly 
by a dull, Avatery appearance or microscopically by a negative or very weak 
Schultz test; (3) cholesterol storage in the corpora lutea of the preceding 
cycle, as evidenced by a strongly positive Schultz reaction or simply a 
“creamy” appearance at the time of autopsy. 
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RESULTS 

Dibenamine 

Since in pregnant rats treated mth estrogen, Dibenamine had 
been successful in preventing ovulation when injected at 8 a.m. on 
the morning before expected o^'ulation (Sawyer, Everett and Mar- 
kee, 1949), this hour on the day of proestrus was chosen for the pre- 
liminary trials in cyclic rats. Of the 10 animals in this initial experi- 
ment 6 were 5-day cyclic Vc rats and 4 were 4-day cyclic Va rats, all 
having proestrous smears at injection time (8 to 9:30 A.M.). At au- 
topsy on the follovung morning none had tubal ova. No rupture 
points were ^’^sible under the dissecting microscope. With the excep- 
tion of 2 of the 4-day rats, liistological study of the ovaries revealed 
no e'i’idence of preoAmlatory swelling of the follicles. In the 2 excep- 
tional cases a few follicles were found to be in early stages of swell- 
ing with first polar body divisions in progress or complete. Since the 
control experiments with LH in the pregnant rat (Sawyer, Everett 
and Markee, loc. cit.) had shown that Dibenamine does not interfere 
vdth the action of LH on the ovary, the present results left no doubt 
that adrenergic stimulation of the hjT)ophysis occurs during the day 
of proestrus and that this stimulation is essential for secretion of LH 
sufficient to induce ovulation. By treatment at various hours of the 
day it should thus be possible to determine time limits within which 
the stimulation occurs. 

Because of the greater availability of Va stock and the more com- 
plete information about ovulation time in the 4^day cycle w'e subse- 
quently confined our attention principally to 4-day cyclic animals. 
The 8-9 A.M. injection group, w^as increased by 12 rats (9 autopsied 
at the usual time and 3 autopsied about 48 hours after injection). 
Thus a total of 16 4-day cyclic rats wms treated between these hours. 
In table 1 are listed the 13 cases which w'ere autopsied 24 hours later. 
0\mlation Avas blocked in 9 cases, but the presence of preovulatory 
sw'elling in a few follicles in 2 instances (mentioned in the preceding 
paragraph) indicated a slight amount of LH secretion. Two rats had 
2 and 3 tubal ova, respectively. In one of these rats, sections of both 
ovaries contained 2 rupture points, 2 follicles in early swelling and 5 
unstimulated follicles with resting ovoc 3 de nuclei. In the other in 
wffiich the ova were confined to the right tube, sections of the left 
ovary contained 3 “unstimulated” follicles and none which had ad- 
vanced beyond that stage. These 2 cases, therefore, also indicate less 
than the normal LH secretion. The other 2 rats wure judged to have 
fully OAUilated, although one had onls’- 5 tubal ova, 4 on the right and 
1 on the left. Her left ovarj’- contained only 1 ruptured follicle, but of 
4 follicles with resting ovocide nuclei, 2 exhibited localized theca 
luteinization. It is possible that this case also represents diminished 
LH secretion resulting from the treatment, but the uncertainty led 
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to its classification as complete o^oilation. The other rat had 8 tubal 
ova and her reproductive tract otherwise gave a completely normal 
picture of late estrus. 

Of the 3 rats which were autopsied 48 hours after the '8 a.m, in- 
jection, 2 failed to ovulate and 1 had a set of new corpora liitea. One 


Table 1. Summary of data showing status of follicles and extent of ovula- 
tion ON THE morning AFTER TREATMENT WITH DiBENAMINE OR ATROPINE 

BIBEN AMINE 


Hour 

injected 

1 

No. 

of 

rats 

1 

Tubal ova 

Follicles 

Ovulation 

1 

None 



No 

swell- 

ing 

Early 

swell- 

ing 

Late 

swell- 

ing 

In 

prog- 

ress 

Com- 

plete 



9 



7 

2 




8-9 A.M. 

13 


3 





2 

1 


1 



im 

1 




1 






7 

2 

2 

1 


2 P.M. 



4 


! 



4 






(3]> 





[3]^ 



3 




1 

1 

1 

1 


4 P.M. 

10 


1 






1 





6 

i 





6 








1= 




4 






1 







3 





3 , 

6:46 P.M. 

4 

1 



4 

1 



i 


4 


ATROPINE 


Hour 

injected 

No. 

of 

rats 

Tubal ova 

Follicles 

Ovulation 

None 

Few 

Many 

No 

swell- 

ing 

Earlj'^ 

swell- 

ing 

Late 

swell- 

ing 

In 

prog- 

ress 

Com- 

plete 

8 A.M. 

5 

5 



5 





2 P.M. 

5 

5 



5 








1 






1 

4 P.M. 

5 













4 





4 


' Autopsied at 4 p.m., ca. 26 hours after injection. 
- Found dead but still warm at 7’45 a.m. 


ovary of each rat was serially sectioned, disclosing in the anovulatory 
cases “unstimulated” folhcles, nearly all of which were atretic. The 
new corpora in the third animal were somewhat less advanced than 
normal for this stage of the cycle. Ovulation had probably been re- 
tarded. The vaginal smears in all 3 rats were metestrous, a marked 
invasion of leucocytes being seen in all. Thus, the interruption of 
estrogen secretion is indicated, a matter to be discussed later. 

As shown in table 1, 19 4-day cyclic rats were injected at about 2 
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p.Ji. on the day of proestrus. Nine of them were autopsied between 
8 and 9 a.m. the next da^L 1 at 12:45 p.m. and 9 at about 4 p.m. 
Tubal ova were absent in 5 of the first 9, in the 12:45 case and in 6 of 
the 9 killed in late afternoon. Seven of these 12 animals gave no in- 
dication of preovulatory swelling. Three (among the morning au- 
topsy series) exhibited preoAuilatory swelhng in variable degree. The 
rat autopsied at 12:45 had 3 veiy recently ruptured follicles which 
would undoubtedly have been in late swelhng if she been killed as 
early as the others; she is so classified in table 1. One rat in the morn- 
ing group had 5 folhcles in late swelhng and a single ruptured follicle, 
but the o\mm had apparently'’ not yet reached the tube. Four others 
in the morning group had 1 or 2 tubal ova and liistological study of 
their ovaries disclosed from 1 to 4 ruptured folhcles and a variety of 
stages of preovulatory swelhng. Three of the rats killed at 4 p.m. had 
completely ovulated (10 to 11 ova). Although they are classified in 
table 1 as complete or'ulations, they would not necessarily have been 
so had they been autopsied at the morning hour. In one of them terti- 
ary folhcular fluid had not yet been formed in large amount, strongly 
suggesting delayed o\'ulation. 

The group injected at 4 p.m. comprises 10 rats (table 1), all of 
which were autopsied the folio-wing day between 8 and 9 a.m. In 
none of these was LH release completely blocked, although tubal ova 
were absent in 3 animals. All 3 had folhcles in preo^vulatory swelhng. 
In one of them, 2 folhcles had already ruptured and in another all 10 
folhcles were very near the time of rupture. A fourth rat had 5 tubal 
ova and 7 rupture points. The remaining 6 rats had from 7 to 10 tubal 
ova and full sets of new corpora lutea which were histologically iden- 
tical with those normally found at this time in 4-day cychc rats. 

The results of injection at 5 and 6:45 p.m. may be considered to- 
gether. Four rats were injected at each of these hours. One animal in 
the 5 o’clock group was found dead but still warm shortly before 8 
a.m. the next morning. She was autopsied immediately. No tubal ova 
were found, nor ruptured folhcles, but histological study of one of the 
ovaries disclosed 5 folhcles in late preo\Tilatory swelhng. The vaginal 
smear was still in late proestrus. It is possible that the retardation of 
follicle maturation and of the vaginal changes was due to non-specific 
systemic factors associated vith the moribund condition during the 
night. The other 7 rats had fully ovulated, having from 6 to 10 tubal 
ova. 

In the experiments with pi-egnant rats treated mth estrogen 
(Sawyer, Everett and Markee, 1949), the occurrence of subcutaneous 
“mucoid” as a sequel to Dibenamine treatment was closely correlated 
with the blocking effect of this agent. In the present experiments, 
however, such correlation was less complete. In 4-day cychc rats of 
the 8-9 a.m. and 2 p.ji. injection groups, among 26 cases in which our 
records include reference to mucoid and in which ovulation was either 
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completely or partially blocked, 17 rats had mucoid at autopsy while 
9 had none. Its presence or absence does not, therefore, appear to be 
an acceptable criterion of adequacy of Dibenamine dosage under these 
conditions. 


Atropine 

It was apparent from the results with Dibenamine that injections 
at 2 p.M. or earlier usually result in either complete or partial 
block of LH release, while injections at 4 p.m. or later usually do not 
interfere with the release mechanism at least so far as ovulation is 
concerned. Evidently adrenergic stimulation of the hypophysis occurs 
■mainly in the interval between 2 and 4 p.m. in 4-day c3'clic rats in 
this colony. Since a cholinergic link in neurogenic stimulation of LH 
release has been indicated in the rabbit (Sawyer, Markee and Town- 
send, 1949) it was of interest to determine whether a cholinergic hnk 
also occurs in the cychc rat. Concurrent experiments with pregnant 
rats (Sawyer, Everett and Markee, 1949) Tlemonstrated that ovula- 
tion after estrogen administration is prevented by atropine injected 
on the day before o^oilation is expected. Yet ati'opine, like Dibena- 
mine, does not prevent ovulation in response to injected LH. 

Five 4-day cyclic rats were injected with atropine at 8 a.m. On the 
following morning the vaginal smears were still proestrous. At autopsy 
about 24 hours after injection the reproductive tracts were uniformly 
characteristic of a proestrous rat. No tubal ova were to be seen (table 
1). The follicles were large, but not hyperemic. In histological section 
no evidence of normal preovulatorj'^ swelUng was seen. In one rat a 
single folhcle among 9 showed the first maturation division in progress, 
but as mitotic divisions could not be found in the granulosa this fol- 
hcle was judged to be atretic. In a second rat a single follicle among 
9 was atypical. The status of the ovocyte nucleus could not be de- 
termined because of a few missing sections, but there was no secretion 
of secondary liquor about the cumulus. The granulosa was compact 
and of irregular thickness. Its cells were disoriented as in late pre- 
ovulatory swelhng and mitotic figures were most unusually numerous. 
The basement membrane was intact. YTiether this follicle represents 
shght stimulation we cannot state. All others (7-8 in each of the 5 
rats) appeared to be normal, growing follicles with resting ovocyte 
nuclei. 

It was apparent from these results that a choUnergic link exists in 
the LH-release mechanism of the cyclip rat. To estimate the time 
limits within which this part of the mechanism operates, atropine was 
injected into five 4-day cyclic rats at 2 p.m. on the daj'" of proestrus and 
into 5 others at 4 p.m. (table 1), The animals were killed and autopsied 
the following day between 8 and 9 : 15 a.m. In the 2 o’clock group not 
one rat had tubal ova. Their ovaries presented the characteristic as- 
- pect of ovaries seen in normal proestrus, with large clear follicles. 
Histological study showed these to be healthy, growing follicles with 
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Fig. 1, Graphic representation of the degrees of blocking of the LH-release mecha- 
nism obtained by injecting Dibenamine or atropine at various hours of the day of 
proestrus, in 4-day cyclic rats. The numbers over the various segments of the bars 
under “RESULTS” indicate the respective numbers of rats represented by the pro- 
portional lengths of the segments. 

resting ovocjiie nuclei in all instances. In the 4 o’clock injection group 
the results were quite different (table 1). Four of the 5 rats had full 
sets of tubal ova (7-10). The fifth rat had 3 observed tubal ova, 1 on 
the right and 2 on the left. Her right ampulla, however, was exceed- 
ingly dilated and the right ovarj^ when examined histologically ivas 
found to contain 5 new corpora lutea in a comparable stage of develop- 
ment with those in the other 4 rats. 

In figure 1 the above data from the Dibenamine and atropine se- 
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ries are summarized in graphic form, with respect to the apparent 
degree of block of the LH-release mechanism. With Dibenamine, par- 
tial or complete block is the rule when injections are made at 2 p.m., or 
earher, on the day of proestrus. With atropine, complete block is the 
rule under like conditions. With Dibenamine, ovulation usually pro- 
ceeds unhampered following injections at 4 p.m. or later. The same is 
true with atropine. No real difference can be claimed between the 
4 P.M. Dibenamine series and the 4 p.m. atropine series, on the basis 
of the present numbers of cases. 


Table 2. Correlation between vaginal smear retardation 

AND EXTENT OF BLOCKING BY DiBENAMINE 


Vaginal smear 
stage 

(morning of 
autopsy 

Hours of 
Dibenamine 
injection 
(preceding day) 

Degree of blocking, measured by ovulation 

Blocked 
(no. of rats) 

Partially 
blocked 
(no. of rats) 

No block 
(no. of rats) 


8-9 A.M. 

1 

3 

l(?)i 

Late 

2 P.M. 

5 

7 


proestrus 

4 P.M. 

! 

4 



5 P.M. 


1= 



All hours 

21 

1 


8-9 A.M. 

8 

2 

1 


2 P.M. 

2 

2 


Estrus 

4 P.M. 



6 


5 P.M. 



3 


6:45 P.M. 



4 


All hours 

14 

14 


' 5 Tubal ova, 2 follicles partly luteinized but not ruptured. 
^ Found dead but still warm at 7:45 a.m. 


Correlation between status of ovaries and status of vagina and uterus. 
In the atropine series there was a clear-cut correlation between inci- 
dence of full ovulation and of cornified vaginal smears. All rats in- 
jected with atropine at 2 p.m. or earlier had proestrous smears the 
next morning. The one animal in the 4 p.m. injection group which had 
a reduced number of tubal ova at autopsy time, also had a late pro- 
estrous smear. The others were fully cornified. 

In the Dibenamine series, the correlation was somewhat similar 
but less clear-cut (table 2).^ The principal lack of conformity was in 
the 8-9 A.M. injection group where 8 of 9 anovulatory rats,^ showing 
no preovulatory swelhng, were nevertheless fully cornified 24 hours 
after injection. Considering all Dibenamine groups together, the inci- 
dence of proestrous smears was greatest in the animals showing partial 
block, strangely enough. Among the “blocked” and “partially 

’ The cases admitted to tables2and3 are not in all instances those recorded in table 1. 
For various reasons a few of the latter are excluded and certain others are pertinent. 

•' Including 2 rats autopsied at 48 hours. 
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blocked” groups combined, 21 of 35 rats had proestrous smears on the 
morning after injection. On the other hand, 14 of 15 rats in which 
ovulation was not significantly delayed were fully cornified. 

.As regards the uteri in the Dibenamine series, a similar correlation 
was found (table 3)® between uterine distention and the prevention or 
retardation of follicle maturation. Thus, among 24 “blocked” or "par- 
tially blocked” rats, 19 exhibited some degree' of uterine distention, 
while this was seen in only 4 out of T5 of the “not blocked” group. In 


Table 3. Coreelation between uterine distention at autopsy on the 

MORNING AFTER DiBENAMINE INJECTION, AND EXTENT OF BLOCKING 


Status of 
uteri ' 

Hour of 

Dibenamine I 

injection 
(preceding day) 

Degree of blocking, measured by ovulation 

Blocked 
(no. of rats) 

Partially 
blocked 
(no. of rats) 

No block 
(no. of rats) 


8-9 A.M. 

5 

3 

!(?)■ 

Distended 

2 P.M. 

1 

8 


(proestrous) 

4 P.M. 


2 

2 


6:45 P.M. 



1 


All 

6 

13 

4 


8-9 A.M. 

1 

1 

1 

Not 

2 P.M. 


1 


distended 

4 P.M. 


2 

4 

(estrous) 

5 P.M. 



3 


6:45 P.M. 



3 


All 

1 

4 

11 


' 6 Tubal ova, 2 follicles partly luteinized but not ruptured. 


the atropine series all of the 8 o’clock injection group and 4 of the 
2 o’clock group had distended uteri. In the 4 o’clock group 2 rats had 
slightly distended uteri, including the animal in which the vaginal 
smear was proestrous. In the other 3 no distention was seen. 

Stahis of interstitial tissue and corpora lutea of the preceding cycle. 
There was a close correlation between the degree of follicle maturation 
or owlation and the degree of depletion of interstitial lipid. In the 
Dibenamine group, all “blocked” rats had a fatty interstitium. Fifteen 
of 20 “partially blocked” rats were similar, while 5 showed at least 
local depletion near ruptured and p^eo^’ulatory follicles. Among 15 
rats which were “not blocked,” interstitial lipid was partially or 
strongly depleted in 14 cases. The atropine series gave similar results. 

Cholesterol storage in the corpora lutea of the preceding cycle was 
surprisingly rare, even in the animals injected at 4 p.m. or later, in 
both the Dibenamine and the atropine series. Schultz-positive corpora 
lutea were found in only 3 Dibenamine-treated rats in the definitive 
(4-day cyclic, 24-hour autopsy) series: 1 of the completely o-vulated 
rats of the S-9 a.m. injection group, 2 completel}'^ ovulated rats of the 
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4 p.M. group. The corpora were uniformly Schultz-negative in the .7 
rats which ovulated in spite of injection of Dibenamine at 5 to 7 p.m. 
"VSTiere autopsy time was delayed until late afternoon, 26 hours after 
8 A.M. Dibenamine injection, or longer (48 hours), 3 of the 4 rats which 
OAOilated had distinctly fatty corpora lutea. Schultz tests were not 
performed. In the atropine series the corpora were grosslj’" palhd in all 
cases. Schultz tests were performed on corpora from 3 of the 4 o’clock 
injection group and from one each of the other groups. All were nega- 
tive. 


DISCUSSION 

Before considering the broad imphcations of the above experi- 
ments certain details require evaluation. While atropine proved to be 
completely effective in blocking ovulation when injected at 8 a.m. or 
2 P.M., Dibenamine completely blocked only 14 of the 32 4-day cychc 
rats at these hours. These facts might be construed to mean that in 
the rat the adrenergic component of the LH-release mechanism pre- 
cedes the cholinergic. This interpretation is contradicted, however, by 
the 4 P.M. data and by unpubhshed data based on the phenomenon of 
advancement of ovulation time by progesterone. When progesterone 
is administered on the third day of diestrus in 5-day cycles, ovulation 
time is advanced about 24 hours (Everett, 1944, a; 1948). Injection 
of Dibenamine just after progesterone, or 4 hours before, completely 
blocked this effect in a number of cases, .but in several instances a few 
follicles were found in preo^ailatory swelling (on the morning of nor- 
mallj'- expected proestrus). 

The present evidence indicates, then, that Dibenamine in the cy- 
clic rat, as in the pregnant, estrogen-treated rat (Sawyer, Everett and 
Markee, 1949), is not a perfect blocking agent. The partial effects ob- 
served in cyclic rats were, however, expressed somewhat differently. 
Where in the pregnant rats subovulatory LH activity was detected 
by cholesterinization of the pregnancy coi’pora lutea, in cj'^clic rats 
diminished LH secretion was made evident chiefly by retardation of 
follicle maturation. The degree of lipid depletion in the interstitial 
tissue proved, in the cyclic rat, to be a better indicator of LH than 
corpus luteum cholesterinization. The general absence of luteal cho- 
lesterol storage on the morning after Dibenamine or atropine treat- 
ment, even when full ovulation occurred, ma}'-, of course, indicate 
moderate lowering of LH secretion. It is significant that in 3 of the 4 
ovulated rats, in which autopsy was delayed considerably beyond the 
usual time after Dibenamine treatment, the corpora lutea of the previ- 
ous cycle were fatty. It thus seems probable that many of the negative 
cases in the definitive series would have become Schultz-positive a 
few hours later. More information is needed about the respective time- 
response relationships of ovulation, interstitial cholesterol depletion 
and luteal cholesterinization to various quantities of LH. 

Considering the 8-9 a.m. injection group as a measure of the in- 
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complete blocking effects of Dibenamine and thus a control for the 
2 pit. group, the Dibenamine and atropine series are in close agree- 
ment. They demonstrate that in the particular strain of rats with 
which we worked, during proestrus of the 4-day cycle, a neurogenic 
stimulus passes to the hj-pophysis between 2 and 4 p.m. in most ani- 
mals. This stimulus has both chohnergic and adrenergic components. 
The evidence from the rabbit (Sawyer, Markee and Townsend, 1949) 
would indicate that the cholinergic component precedes the adrener- 
gic. We can only assume that the same relationship is true in the rat. 
We must also di’aw on the rabbit studies for the most crucial evidence 
that neither Dibenamine nor atropine impairs, the ability of the hj'^- 
pophysis to liberate LH. If injection of either agent in rabbits is de- 
layed for even a minute after coitus, ovulation proceeds without inter- 
ference. Hence LH hberation per se is not affected, for that process is 
known to require about an hour in the rabbit (Fee and Parkes, 1929). 

The fact that the majority of rats in which omlation was delajud 
or completely prevented also experienced retardation of the vaginal 
smear sequence is of great importance in itself. This inhibition of 
vaginal smear changes in conjunction with blocked o^allation consti- 
tutes the reverse of conditions described in 5-day cychc rats in which 
ovulation time was advanced 24 hours (Everett, 1944, a; 1948) by 
progesterone therapy. Under those conditions the vaginal sequence 
was accelerated; here it is retarded. The significance of these effects 
has been discussed in the recent report of the progesterone experi- 
ments (1948). 

The demonstration of a chronologically hmited neurogenic stimu- 
lus for the ovulatory discharge of LH from the adenohypophysis, for 
the fii'st time indicates a means by which at least one of the chrono- 
logic features of the polyestrous cycle may be synchronized with en- 
vironmental rhythms. Synchronization of the cyclic actmty of the 
hypophysis-gonad system with en^dl'onmental factors is a well recog- 
nized fact in many species of mammals and lower vertebrates (Mar- 
shall, 1936, 1942; Bissonnette, 1936; Beach, 1948). Such effects are 
best seen in the seasonal breeders, in several of which it has been well 
established that conditions of illumination are of paramount impor- 
tance. Among constant breeders the effects of environment are gen- 
erally more obscure. Among polyestrous, spontaneously owlating 
species it has usually been thought that the rh 3 d;hmic interplay be- 
tween hjpophj'-sis and ovary proceeds as a humoral mechanism 
largety without neural intervention. 

Nevertheless, there are clear indications that the cycles of rats, 
mice, guinea pigs and hamsters are sjmchronized vdth diurnal rh 3 i,hms 
of illumination and temperature. Thus it has been well recogirized 
that rats usuallj’- ovulate and exhibit maximal estrus during the dark 
period. As a corollary of this fact, Henuningsen and Krarup state: 
(1937, p. 28) “The length of an oestrous cycle must always be a whole 
number of daj's.” These authors were able to reverse the nocturnal 
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rhythms of rumiing activity and of maximal estrus by keeping rats in 
darkness during the solar day and illuminating them at night. Similar 
effects have been described in the mouse (Snell, et ah, 1940; Gresson, 
1940). Snell, et al. reported, furthermore, that in mice under such 
reversed, lighting, ovulation usually occurs between the artificial 
“midnight” and 3 “a.m.” It has been stated that ovulation in the 
golden hamster occurs quite precisely between midnight and 2 a.m. 
(Ward, 1946). The guinea pig has been reported to exhibit maximal 
estrous behavior during the night (Young, Myers and Dempsey, 
1933)'. 

In our inbred strain of rats under regulated conditions of illumi- 
nation, animals which are carefully selected for regularity of cycles 
ovulate within the predictable time hmits of 1 ; 00 to 2 ; 30 a.m. The 
neurogenic stimulus to the hypophysis reaches the gland, as we have 
now shown, between 2 p.m. and 4 p.m. of the preceding afternoon, 
roughly 10 to 12 hours before ovulation. This interval is remarkably 
similar to that between copulation and ovulation in the rabbit (Fee 
and Parkes, 1929; Waterman, 1943, and refs, cited there). In the rat 
the actual hours reported here for both stimulation and ovulation 
may well vary in other strains and under other conditions. In colonies 
in which fighting is not controlled a considerable irregularity may oc- 
cur and where periods of controlled fighting per day are other than 14 
hours deviations may be expected from the time limits which we ob- 
served. 

In the preceding article of this series (Sawyer, Everett and Markee, 
1949) it was proposed that the concept of a “sexual center” in the 
hypothalamus be revived. The present evidence gives additional sup- 
port for this view and allows us to speculate-upon some of the func- 
tional characteristics of such a center in the rat, under different hor- 
monal and environmental conditions. 

A principal factor leading to discharge of the “ovulation stimulus” 
from the “center” is probably an elevated estrogen level per se or 
some metabolic condition associated vuth elevated estrogen. This may 
act directly in the hypothalamus or may modify the afferent impulses 
feeding into it (Beach, 1948). Progesterone may synergize impor- 
tantly with estrogen in this action, for under , certain conditions pro- 
gesterone facilitates ovulation in this species (Everett, 1948). It is 
noteworthy that Kent, (1948) reports that castrated, estrogen- 
primed hamsters are brought into psychic estrus as early as 20 min- 
utes after introduction of a minute amount of progesterone into the 
cerebral ventricles. 

The rhythm of daily illumination is concerned in the rhythmicity 
of the “center.” This effect does not appear to be a direct one, how- 
ever, for when rats are placed in nearly constant darkness they remain 
regularly cyclic (Browman, 1937-1943), even when temperatures are 
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constant. In fact, they often retain preceding nocturnal rhythms of 
activity and estrous’ behavior. Such effects of illumination are medi- 
ated by the optic nerve (Browman, loc. cit.). Subservient to rhythms 
of light and darkness, diurnal rhythms of temperature are also im- 
portant in conditioning the actmty and estrous rhythms (Browman, 
1943, b). This becomes apparent' during constant darkness or after 
enucleation or cutting the optic nerve. 

Certain effects of lighting may be quite immediate. Exposure of 
rats to continuous light often induces the persistence of follicles and 
of vaginal estrus (Brownian, 1937-1943; Hemmingsen and Krarup, 
1987). In animals which are especiallj'^ susceptible these effects maj'- 
begin during the estrus which immediately follows the introduction 
of continuous light (Everett, 1942 and unpublished). Such responses 
to continuous light also depend on intact optic nerves (Brownian, loc. 
cit.) and probably to a large extent upon the hormonal status. Pro- 
gesterone facilitates the c 3 ’'clic action of the LH-release mechanism 
during continuous hght (Everett, 1940, a). Indications are that in 
"light-susceptible” rats the hypothalamic mechanism for the stimu- 
lation of LH-release is refractory to estrogen, perhaps because of 
faulty progesterone secretion (Everett, 1942-1948). 

Other effects of lighting are delayed in their expression. Reversal 
of estras by reversed da 3 ’--night requires about 10 daj'-s (Hemmingsen 
and ICrarup, 1937). A certain strain of rats (DA) in our colonj’- tends 
to become anestrous after the daily light ration is reduced to less than 
10 hours. This effect is usually first indicated, by slightly prolonged 
diestrous intervals, about 15 days after the new conditions are es- 
tablished. The full effect may not be registered until 30 days or later 
(Everett, 1942 and unpubhshed). Another curious effect of short day- 
length in this strain is observed in older females which have become 
"spontaneously” persistent-estrous during 14-hour daj''S. Two weeks 
to a month after the establishment of "short dai’^s,” cj'^cles often re- 
appear. These cj'^cles are accompanied bj’- renewed corpus-luteum 
formation (unpubhshed). 

In the phenomenon of persistent estrus, either "spontaneous” or 
hght-induced, we are deahng with a condition which is not uncommon 
in older females of many species of mammals (folhcle retention cj’’sts 
with chronic estrogen secretion). It w'ould seem that one direct cause 
of such aberrant occurrences is the failure of the hj'pothalamus to 
discharge an adequate stimulus to the hj^pophj'-sis. As a result the 
hjTDophysis continues more or less stea^Ij'- to secrete onlj^ small 
amounts of gonadotropMn which are nevertheless sufficient to main- 
tain estrogen secretion. This steadj'- state is normal in such species as 
the rabbit, but subject there to interruption by the imposition of a 
set of afferent neural impulses associated with copulation, Signifi- 
cantty the steadj^ state of persistent estrus in the rat may similarly be 



248 


EVERETT, SAWYER AND MARKEE 


Volume 44 


interrupted by imposition of new conditions: (1) occasionally by cop- 
ulation (Everett, 1939 and unpublished); (2) by shortened day- 
length as mentioned above; (3) by progesterone therapy (Everett, 
1940, b; 1943); and (4) by daily treatment with desoxycorticosterone 
or with small doses of testosterone propionate (Marvin, 1947, 1948). 

"VSTiether secretion of gonadotrophin during such steady states re- 
quires neurogenic stimulation remains uncertain. It has been reported 
that moderate secretion can occur in hypophyses transplanted to the 
kidney or anterior chamber of the eye (Martins, 1936; Schweitzer, 
Charipper and Haterius, 1937). However, Westman and Jacobsohn 
hold to the \dew that the central nervous. system maintains a steady 
trophic action on the hypophysis which is essential for adequate syn- 
thesis of gonadotrophin (see references and discussion in Sawyer, 
Everett and Markee, 1949). With regard to this question it is perhaps 
significant that in 3 of the present experiments, in which autopsy was 
delayed until 48 hours after 8 am. Dibenamine injection, the vaginal 
smears became leucocytic not only in the rat which ovulated but in 
the other two as well. In the latter, marked follicular atresia was 
found. It would appear that in these two instances Dibenamine not 
only prevented the ovulatory discharge of gonadotrophin, but also 
interrupted that which would otherwise result in persistence of active 
follicles and of estrogen secretion. 

Pfeiffer (1936-1941) reported that in rat hypophyses, the steadily 
secreting male type is determined by early action of androgen during 
infancy. It now seems probable that this sex difference actually re- 
sides in the hypothalamus. The acyclic constant-estrous state which 
Pfeiffer obtained in female rats by prepubertal testis grafts was irre- 
versible. Luteinization co\ild not be induced by estrogen injection 
(1936) nor could cycles be estabhshed by progesterone therapy (1941). 
The acychc spontaneous persistent-estrous state in intact females on 
the other hand, is reversible, as indicated above. Especially interesting 
in view of Pfeiffer’s work, is the report that normal cycles and luteini- 
zation can be induced in spontaneously persistent-estrous rats (DA 
strain) by daily injection of small amounts of testosterone propio- 
nate (Marvin, 1948). It appears that in rats during infancy the action 
of androgen conditions differentiation of the hypothalamic “center” 
as an intrinsically acyclic mechanism. However, in an intact genetic 
female or in a male castrated in infancy and implanted with ovaries, 
the “center” differentiates as an intrinsically cyclic mechanism. 
Steady states may be , induced later by certain environmental or in- 
ternal factors, yet the cyclic potentiality tends to remain. 

Whether only one or several neural centers are concerned in ac- 
tivation of the adenohypophysis cannot be judged from available 
evidence. Nor would we make the doubtful claim that all functions of 
the hypophysis depend on neural stimulation, even all gonadotrophic 
functions. There seems no question, however, that a revision of cur- 
rent views of gonadotrophin secretion is distinctly called for. 
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VARIABLES AEFECTING THE ASSAY OF TES- 
TOSTERONE PROPIONATE USING THE 
SEMINAL ^TISICLE RESPONSE OF THE 
JUVENILE CASTRATED MALE RAT 

C. G. WILLS, S. E. RAMPTON anp L. I. PUGSLEY 

From the Food and Drug Laboratories, De/parlincnt of National Health 

and Welfare 

OTTAWA, CANADA 
INTBODUCTION 

The use of the accessory sex organs as the criterion of response 
for the biological assay of androgens has been described by Koren- 
chevsky 1932, Korenchevskj'- et al. 1932, Callow and Deansley 1935, 
Bulbring and Burn 1935, Deansley 1938, Greene and Burrill 1940, 
1941, Hays and hlathieson 1945, and Mathieson and Hays 1945. 

The procedure as otithned by the latter authors has been found a 
practical procedure for the assay of commercial preparations of 
testosterone propionate. However, the error of the method in the ex- 
perience of this laboratory appeared relatively large and a study of 
some of the variables affecting the response was deemed ad\’isable in 
order to determine whether any improvement in the precision of the 
assay could be obtained consistent with economy of materials, time 
and effort. 

METHODS 

Immature rats of Wistar strain bred and raised in this laboratory were 
used. They were castrated at 28 to 29 days of age and within the weight 
range of 40 to 60 grams. The following technique was used for the removal 
and weighing of the seminal vesicles. After killing the rats with chloroform 
and exposing the internal sex organs, the seminal vesicles were stripped of 
their fibrous capsules and removed ivith fine forceps directly under a 
binocular dissecting microscope. The seminal vesicles were then waslied in 
saline, excess fluid taken up by blotting briefly with filter paper and weighed 
on a Roller Smith balance sensitive to 0.2 mg. In the case of the assays shown 
in table 1, assaji's 7 to 12, the technique was as outlined by Mathieson and 
Hays (1945). hlazola oil (a brand of corn oil) was used as a diluent for the 
doses. Crystalline testosterone propionate U.S.P. Xlil was used as a 
standard of reference, and the tests were carried out on market samples of 
testosterone propionate or on known dilutions of the reference standard. In 
the case of assays trvo weeks were allorved after castration before using the 
rats and three dosage levels of standard and sample w'ere employed, the 
rats being distributed for dosing on the basis of equal body weight at the time 
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of castration. The doses Avere injected intramuscularly Avith a 1 cc. tuberculin 
syringe carrying a 26 gauge | inch needle, and subcutaneously AAith a 24 
gauge IJ inch needle. Precautions AA’^ere taken in the injections to preA^ent 
leakage of the doses by inserting the needles full length. The results AA^ere sub- 
jected to analj'^sis of A'^ariance as outlined by Bliss and Marks (1939), the 


Table 1. The effect of the volume of the injection and method of administra- 
tion ON the slope of the regression line, variance 
AND confidence LIMITS OF THE ASSAA' 


Assay 

No. of 

Rats 

Slope 

b 

Variance 

s- 

Confidence 
Limits in 

Per Cent 
Sm.Xl.96 


0.1 cc. Subcutaneously 



1 

42 

13.95 

17.86 

65.4 to 153.0 

2 

48 

7.97 

18.12 

’ 49.7 to 201.2 

3 

48 

8.30 

18.50 

49.9 to 200.3 

4 

48 

8.06 

20.20 

43.9 to 227.7 

5 

48 

9.05 

16.60 

53.9 to 185.7 

6 

48 

9.37 

20.24 

51.4 to 194.2 

Mean 


9.36 

18.61 

* 


0.2 cc. Subcutaneously 



7 

48 

9.25 

13.97 

59.0 to 169.0 

8 

48 

9.30 

7.74 

67.7 to 147.8 

9 

48 

14.05 

13.13 

71.4 to 140.0 

10 

48 

8.25 

8.62 

60.7 to 164.2 

11 

48 

6.93 

9.28 

55.0 to 181.9 

12 

48 

7.04 

8.61 

58.0 to 172.4 

Mean 


9.14 

10.23 



0.1 cc. X2 Intramuscularh'- 


13 

48 

12.09 

3.93 

80.7 to 123.9 

14 

48 

11.54 

3.04 

81.9 to 122.0 

15 

48 

12.45 

1 .60 

87.6 to 114.2 

16 

48 

12.62 

3.12 

83.3 to 120.0 

17 

48 

10.38 

3.01 

80.3 to 124.6 

18 

48 

12.96 

5.08 

79.7 to 125.4 

IMean 


12.01 

3.30 



A'-alues for the slope of the regression line and the A'^ariance of the assay being 
used as indicators of the estimate of the precision of the assay. 

RESULTS 

Table 1 shows the results obtained in the assay of market samples 
of testosterone propionate employing first the injection technique as 
outhned by Mathieson and Hays (1945) of using 0.1 cc. subcutane- 
ously, secondly, of using 0.2 cc. subcutaneously and finally of using 
intramuscular injections and giAung the dose in a Amlume of 0.1 cc. 
into the muscle of each hind leg (0.1 cc.X 2 intramuscularly). It is seen 
that increasing the volume of the injection from 0.1 cc. to 0.2 cc. sub- 
cutaneously tends to decrease the variance of the assay (column 4) 
and the precision as reflected in the calculated confidence limits 
(column 5). 'V\Tien the injections are given intramuscularly the slope 
of the regression line is within the same range as for subcutaneous 
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injection, but the variance of the assay is markedly decreased and the 
estimate of the confidence limits reduced to values which are consid- 
ered reasonable for most biological assays. Thus it is seen that intra- 
muscular administration of the doses improves the precision of the 
assajr of testosterone propionate. 

In order to obtain a direct comparison of the two methods of ad- 
ministration the tests shown in table 2 were performed using known 
dilutions of the testosterone propionate reference standard. In the 
first group of assays (columns 2 and 3) the results obtained using 24 
rats (8 per dosage level) and 0.1 cc. subcutaneously were compared 
with the results obtained using 24 rats (8 per dosage level) and 0.1 
CC.X2 intramuscularly (columns 4 and 5). The dosage levels used for 


Table 2. The effect of subcutaneous and intbamusculak administration 

ON THE SLOPES, VARIANCES AND SENSITIVITIES 


Assay 

Slope 

0 

Variance 

S2 

Sloge 

Variance 

s* 

Ratio in 
per cent 
Intramuscular 
Subcutaneous 

Confidence 
Limits of 
Ratio in 
per cent 
Sm.Xl.96 


0.1 cc. Subcutaneously 

O.l CC.X2 Intramuscularly 



1 

16.44 

12.21 

10.96 

3.06 

36,7 

28.3 to 49.0 

0 

13.95 

24.51 

12.79 

4.58 

19.3 

13,2 to 28.2 

3 

15.94 

17.12 

13.45 

5.00 

28,3 

21.0 to 38.1 

4 

. 15.44 

18.11 

13.28 

2.09 

33.9 

25.2 to 45,6 

Mean 

15.20 


12.62 

3.63 

30.1 

25.7 to 35.2 


0.1 cc. X2 Subcutaneously 

0.1 CC.X2 Intramuscularly 



1 

13.12 

8.66 

11.79 

1.84 

55.4 

41,3 to 74.3 

2 

10.79 

7.62 

10.29 

4.12 

82,5 

42.5 to 91.9 

3 

9.13 

6.40 

12.62 

1.31 

54.7 

41.1 to 72.8 

4 

15.45 

8.29 

11.46 

2.26 

47.1 

36.5 to 60.8 

Mean 

12.12 

7.75 

11.54 

3.38 

53.2 

45.8 to 61.7 


the subcutaneous injections were 0.2 mgm., 0.4 mgm. and 0.8 mgm. 
respectively, while the dosage levels for the intramuscular injections 
were 0.05 mgm., 0.10 mgm. and 0.20 mgm. respectively. It is seen 
that the slopes of the regression lines for the two routes of administra- 
tion are within the same range, but the variance of the test is defi- 
nitely higher (mean 18.00) in the case of the subcutaneous injections 
than in the case of the intramuscular administration (mean 3.63). In 
column 6, the ratios of the acti\dty of the intramuscular injections 
to the subcutaneous injections are shown. It is seen that the rats are 
considerably less sensitive to the subcutaneous injection (mean 30 
per cent) or it requires approximately thi-ee times as much testoster- 
one propionate subcutaneously to produce a comparable response in- 
tramuscularly. The estimate of the confidence hmits of the ratio is 
shown in the last column. 

In order to detennine if the dirdsion of the doses subcutaneously 
would produce results comparable to the intramuscular administra- 
tion the tests shown in the second group of assays in table 2 were per- 
formed. The same number of rats per assay and the same dosage 
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levels of testosterone propionate were used as in the first group. In 
the case of the subcutaneous administration the injections were made 
in amounts of 0.1 cc. into the loose subcutaneous tissue on opposite 
sides of the rat. In this group of assays the, variances of the tests 
(column 3) are lower (mean 7.75) using 0.1 cc.X2 subcutaneously 
than the variance (mean 18.00) using 0.1 cc. subcutaneously in the 
first group. The ratios of the activity (mean 53.2%) shown in column 
6 of intramuscular to subcutaneous administration indicate that the 
division of the doses subcutaneously increases the sensitivity, how- 


Table 3. The effect of the method op administration 
ON the precision of the assay 



No. of 
Assays 


No. of rats for 

Method of Administration 

(s/b)= 

Comparable 

precision 

0.1 cc. X2 Intramuscularly 

6 

.023 

1.0 

0.1 cc.X 2 Subcutaneously 

4 

.051 

2.2 

0.2 cc. Subcutaneously 

6 

.123 

5.3 

0.1 cc. Subcutaneously 

6 

.212 

9.3 


ever, it required approximately twice as much testosterone propio- 
nate at 0.1 cc.X 2 subcutaneously as it did at 0.1 cc.X 2 intramuscularly 
to produce comparable responses. 

Table 3 is a summary of the results obtained with the different 
methods of injection employed using the ratio of the value of the slope 
to the variance as an indicator of the estimate of precision. Since the 
method using 0.1 cc.X 2 intramuscularly gave the lowest value for 
(s/b)2 (column 3) this was used as a basis of comparison and was given 
the value 1.0 (column 4), while the remaining methods of injection 
are expressed in terms of this indicating the number of rats required 
in an assay for comparable precision. These results show that in the 
intramuscular administration of the doses there is considerable econ- 
omy of rats and the division of the doses subcutaneously is quite 
superior to single injections with respect to the number of rats re- 
quired for comparable precision. 

The influence of the time of autopsy on the seminal vesicle re- 
sponse to testosterone propionate administered intramuscularly (0.1 
cc.X 2) is shown in figure 1. Each point on the graph represents the 
mean seminal vesicle weight of 10 rats killed 24, 48, 72 and 96 hours 
after injection at the dosage level of 0.05 mgm., 0.10 mgm. and 0.20 
mgm. respectively. It is seen that the maximum response is obtained 
at 72 hours after injection on the two lower dosage levels, while at 
the higher dosage level the response is maintained until 96 hours 
after injection. These results are similar to those reported by Hays 
and Mathieson (1945) indicating that the time relationship of the re- 
sponse for the intramuscular injection of the doses are the same as 
those for the subcutaneous injection of the doses. 
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Hooker (1942) has shown using male rats castrated at birth that 
the sensitmty of such rats to testosterone increased markedly at 40, 
50 and 60 days of age, this being the age when the accessory sex 
glands normally undergo puberal changes. Since it is difficult to ob- 
tain a sufficient number of immature rats for castration at one time 
to perform an assay, it is customary to assemble rats at various post 
castration ages as recommended by Hays and Mathieson (1945). The 
effect of testosterone propionate on the seminal wesicle response of 
the juvenile castrated rats over the above age range was not well 
covered by the above workers and it was considered advisable to de- 



r/A'f /// HOURo 


Fig. 1. The influence of the time of autopsy and dosage level on the response of 
testosterone propionate administered intramuscularly. 


termine if the alterations in sensitivity reported by Hooker (1942) 
might account for some of the variations in response encountered in 
assembling rats for assay of the various post castration ages. 

The following experiment was designed to determine this point. 
Fifteen rats were castrated and 10 of these were injected immediately 
•ftdth 0.2 mg. of testosterone propionate (0.1 cc.X2 intramuscularly) 
and 5 were kept as controls. Seventy-two hours later the group was 
killed and the seminal vesicle removed and weighed. In the same 
manner other groups of 15 rats were castrated, except before injection 
7, 14, 21, etc. days elapsed after castration. In this way the seminal 
vesicle response to 0.2 mgm. of testosterone propionate and untreated 
controls were followed over the age range from 28 to 98 days. The 
results are shown in figure 2. It is seen that the rats tend to be more 
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sensitive to testosterone propionate during the first two weeks after 
castration, but after this time the response is relatively uniform. Ap- 
plying the tests to the mean of all the points it is seen that they 
do not deviate significantly from a straight line X^ = 0.98. At 10 de- 
grees of freedom X^= 18.03 p at 0.05. However, when the first two 
points are eli mi nated the fit to a straight line is considerably improved 
and does not differ from the results obtained for the untreated con- 



AGE IN DAYS 

Fig. 2. The effect of the time after castration on the response to 0.2 mgm. of 
testosterone propionate administered intramuscularly — solid line and on untreated 
controls — broken line. 


trols. No definite break or trend is indicated after the first two weeks 
post castration. These results indicate that, except for the first two 
weeks after castration, the sensitivity of rats castrated at 28 days of 
age to testosterone propionate does not change significantly and the 
use of rats for assay of various post castration ages does not affect 
the variations encountered in the response. 

DISCUSSION 

The assay of testosterone propionate using the seminal vesicle re- 
sponse of the juvenile castrated male rat has been found to be a prac- 
tical procedure for checking the potency of commercial samples of this 
androgen. The advantage of using intramuscular injection of the doses 
is shown in tables 1, 2 and 3. A better utilization of the testosterone 
propionate is indicated from the lower value of the variance and the 
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greater sensitivity in the intramuscular injections than in the sub- 
cutaneous injections, table 2. Leathern (1948) has shown recently 
that the response to testosterone propionate injected subcutaneously 
was not influenced by the volume of oil and that the subcutaneous 
and intramuscular routes of administration increased accessory sexual 
organ weight equally well. The difference between these results and 
those reported here may be due to the use by Leathern (1948) of un- 
castrated immature rats and including the weight of the coagulating 
glands with the weight of the seminal vesicles. Diluents other than 
Mazola oil for the dosage levels were not tried and this may be a 
factor in the response as shown bj'^ Crafts (1942) in the seminal vesicle 
response of mice to sesame oil and by Albrieux and Prego (1943) 
on the actirdty of estrone in various oils as diluents. 

The I'esults obtained in the assays shown in table 1 were subjected 
to factorial analj’-sis in order to determine if linear dosage response 
relationships existed oA'^er the dosage range used. The variance ratio 
value for the slope of the dosage response line was highly significant 
in all the assaj^s and in none of the assays was there any indication 
from the variance ratio value of lack of parallelism between the 
slope of the regression line of the standard and unknown. The vari- 
ance ratio value also showed no significant degree of curvature or 
opposed curvature in tbe regression lines of any of the assays. 

The time relationships of the response (figure 1) to intramuscular 
administration are similar to those reported by Hays and Mathieson 
(1945) for subcutaneous administration. The maximum response is 
obtained at approximately 72 hours, after injection and there is a 
better differentiation of the response at this time than at 48 hours 
after injection as recommended by Greene and Burrill (1941). The 
assembling of rats of various castration ages is justified in accordance 
with the results shown in figure 2. It is evident that the sensitivity 
of the rats castrated at 28 days of age does not change significantly 
as reported by Hooker (1942) for rats castrated at birth. 

This method of assay was not found applicable for checking the 
potencj’’ of commercial samples of methyl testosterone or testosterone 
on account of relatively large amounts required to produce a response 
(5 to 10 mgm.) and the low solubihty of these products in oil presented 
difficulties in obtaining convenient volumes for injection (unpublished 
results.). 

SUMMARY 

In a study of the variables affecting the assay of testosterone 
propionate using the seminal vesicle response of the juvenile cas- 
trated rat it was found that the precision and sensitmty of the assay 
could be improved some by the diAusion of the doses administered 
subcutaneously and considerably by intramuscular administration of 
the doses. Except for the fir'st two weeks after castration, the sensi- 
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tivity of rats castrated at 28 days of age to testosterone propionate 
does not change significantly and the variations in response of the 
seminal vesicles are not influenced by assembhng rats of various 
castration ages. 
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LE\nELS 
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Fro7n the McGill University Clinic, Royal Victoria Hospital, and the 
Department of Bacteriology, McGill University 

MONTREAL, CANADA 

The first suggestion that the adrenals might be concerned in 
the general defence reaction of the bodj’- followed observations that 
these organs sometimes showed marked pathological changes during 
acute infective and toxic episodes. Several studies were made in 
which the effect of adi-enalectomy on antibody titres was investigated. 
Reports were contradictory. Thus Hektoen and Curtis (1915) found 
that the level of circulating antibodies in dogs was not altered by bi- 
lateral operation and Gates (1918) reported that the rate of antibody 
formation by rabbits was unaffected by previous partial adrenalec- 
tomy. Jaffe and Marine (1924), on the other hand, obtained higher 
titres after bilateral adrenalectomy when the animals had been im- 
munized thi-ee weeks after operation, but noted that at six weeks 
there was no difference in the response between operated and un- 
operated rabbits. Their results were in direct contradiction to those 
of Perla and Marmorston-Cottesman (1928) who noted decreased 
rates of antibody production in rats injected during the five weeks fol- 
lowing operation, this decrease being most marked in the first week. 

As the chemistry and physiology of the adi’enal cortex w^ere made 
clearer it became possible to w'ork on animals under more nearly phys- 
iological conditions. Fox and YTiitehead (1936) w’ere the first to try 
the effect of injecting adrenal cortical extract into experimental 
animals. They reported an increased rate of production of antibodies 
following injection of the hormone but found that control animals 
subsequently attained much the same titres. 

These experiments w'ere repeated and extended by Chase, YTdte . 
and Dougherty (1946). Using cortical extracts, sjmthetic cortical hor- 
mones and adrenocorticotrophin (ACTH), they have worked both 
with normal animals and with adrenalectomised animals maintained 
on desoxycorticosterone acetate (DCA). They have produced e\i- 
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dence, not only that the cortical hormones increase antibpdy levels 
when given during the immunisation period, but also that they can 
effect an immediate release of stored antibody into the circulation. 
Recently an attempt was made by Eisen et al. (1947) to measure the 
first’ of these effects more precisely by using an accurate chemical 
method of antibody determination. They w^ere unable to show that 
the production of antibody was affected by the injection of cortical 
hormones or that it was dependant on the presence of the adrenal. 
They did, however, partially confu-m the findings of Chase, 'Vidiite 
and Dougherty in that they sometimes noted transient increases of 
antibody nitrogen immediately after injection of cortical extracts. 

The experiments described below were designed, to elicit this lat- 
ter effect in human subjects following stimulation of the adrenal cor- 
tex by ACTH. Staphylococcal toxoid was chosen for the immunising 
agent, as the estimation of anti-haemolysin is quick and can be carried 
to a finer end-point than titrations invohdng agglutinations. The dif- 
ferential leucocyte counts which are also reported were a partial 
check on the activity of the hormone preparation, one of the results 
of adrenal cortex stimulation being a decrease in the numbers of cir- 
culating lymphocjdes (Dougherty and White,' 1944) and eosinophils 
(Forsham et al. 1948). 

TECHNICAL METHODS 

Antibody to staphylococcus alpha-haemolysin. The potenc}’' of the toxin 
was measured initially against a sample of international standard anti-serum 
and thereafter occasionally checked against a sub-standard serum. In 
titrating the unknown sera the toxin was diluted with 0.85% NaCl so that 
1 ml. contained either 1 L.H. unit or I L.H, unit. The latter dilution was used 
when the sera were of low potency and of insufficient quantity to allow ac- 
curate titration at the higher level. In any one experiment all the sera 
were titrated simultaneously, using the same batch of diluted toxin. After 
heating for 40 minutes at 5G°C. to inactivate complement, the sera were in- 
cubated with a known volume of a rabbit red cell suspension to absorb the 
red cell agglutinins and final dilutions were then made with saline, from the 
supernatant fluid. 1 ml. of each dilution was incubated with 1 ml. of toxin 
for 1 hour at 37°C. and 0.5 ml. of a 5% suspension of washed rabbit cells 
added to each tube. After a further 60 minutes incubation the tubes were 
kept at about 4°C. overnight. They were then centrifuged and the end- 
point taken as mid-way between the dilution of serum showing no haemoly- 
sis and that showing trace or partial haemolysis. 

Agglutinins to the typhoid “H” antigen. The antigen was a formalized 
suspension of E. typhosa “Buzzard” containing approximately 400 million 
organisms per ml. Doubling dilutions of sera in saline were made and 1 ml. 
of each dilution, together with 1 ml. of antigen suspension, was incubated 
at 5G°C. After 6 hours the end-point Avas taken as the highest serum dilution 
showing complete agglutination. 

Total leucocyte counts and eosinophil counts ^yeve made according to the 
method described by Randolph (1944), using a Avater-propylene glycol mix- 
ture as the diluting fluid. For the total leucocytes, the cells contained in the 
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four large comer squares in each of four or eight chambers Avere counted. 
For the eosinophils the cells within the entire ruled area of at least 10 cham- 
bers Avere counted. 

Smears for the differential cell counts AA-ere made on coA^erslips and stained 
by Wright’s method. Areas extending outAA^ards from the tail of the smear 
AA'ere chosen, haAung regard to eA'en distribution of the leucocjdes, lack of 
fragmentation and thinness of the film. The number of cells counted from 
each, sample is giA''en in the tables of results. 

Haemaiocrits AA'ere measured in Wintrobe tubes after spinning for 45 min- 
utes at ca. 3000 r.p.m. Taa'o tubes AA'ere filled and the aA'erage of the tA\'o 
readings is reported. The speed of centrifugation AA-as checked occasionally 
by reading the haematocrits after 30, 45 and 60 minutes. 

Plasma and serum protein values AA'ere determined by the method of 
Jacobsen and LindstrfSm-Lang (1940), using the Philips, A'an Slyke ct al. 
(1945) nomogram for the conA'ersion of R.D. to gms. protein/lOO ml. The 
standards used (CUSO 4 solutions) AA'ere also taken from the latter com- 
munication and AA'ere checked by direct AA’eighing in a 25 ml. capacity specific 
graA'ity bottle. The densitj' of AA'hole blood A\'as measured in some experi- 
ments and packed cell A'olumes calculated from this usually agreed with 
those determined by direct measurement. 

Glycogenic corticoids and 11-oxy steroids in the urine -AA'ere measured by 
Dr. E. H. Venning and are reported in a separate communication (1948). 
Urinary corticoids AA’ere determined by bioassay according to the method 
of Venning et al. (1946) and 11-oxy steroids by the method of Talbot et al. 
(1945). 

SUBJECTS 

The subjects of the experiments were healthy normal adults aa'Iio had 
been inoculated AA’ith commercial preparations of typhoid A'accine and 
staphylococcal toxoid. 

Subject "H.” — female, aged 29 years — I’eceived combined T.A.B. A'accine 
and tetanus toxoid in 1941 and a routine course of staphylococcal toxoid 
(0.05 ml. increasing to 1.0 ml.) during March 1947. This AA'as folloAA'ed by a 
single injection of 2.0 ml. staphylococcal toxoid on June 16th. The highest 
A’alues for anti-haemolysin AA-ere found in April 1947 and AA'ere between 11 and 
12 ProA'isional International Units (P.I.U.) per ml. serum. 

Subject “Rs” — male, aged 39 years — receiA'ed combined T.A.B. A'accine 
and tetanus toxoid in 1944 folloAA-ed by seA'eral “booster” injections, the last 
being giA'en in July 1947. He recemed the same routine course of staphj'lo- 
coccal toxoid as subject H, in May 1947. The highest recorded A'alues for 
anti-haemolysin AA’ere found in June 1947 to be about 10 P.I.U./ml. 

Subject “Ha” — male, aged 32 years — receh'ed combined T. A.B. A'accine 
and tetanus toxoid prior to 1945 AA’ith the last injection in the AA'inter of 
that year, and a course of staphylococcal toxoid during September and the 
beginning of October 1947. After a preliminary injection of 0.25 ml. four in- 
jections of 0.5 ml. and one of 1.0 ml. were giA'en at AA’eekl}' intei'A'als. Meas- 
urements of the anti-haemolysin A'alues for the serum of this subject AA’ere 
not made until shortty before the start of the experiment. 

Blood samples for control leucocyte counts AA’ere also taken from three 
other indiA'iduals. Subject “Gr” A\’as a male, aged 31 years, and Subject 
“V,” a female aged 29 years. Subject “Go” Avas an apparently healthy 
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airman aged 24 years. He was later found to have an impaired glucose toler- 
ance but was otherwise normal. 

EXPERIMENTAL MATERIAL 

Adrenocorticotrophin was supplied by the Armour Laboratories. Two 
preparations were used, both of which had been made from hog pituitary 
glands by a modification of the method of Sayers et al. (1943). Batch 32D, 
which was used in experiments 1 to 4, contained 0.1 unit pitressin/mg. but 
Batch 37KE, which was used in experiment 5, contained only a trace of this 
material. Other pituitary hormones were absent or present only in negligible 
quantities. Both batches were assayed by the Armour Laboratories against 
their standard preparation LA-l-A. Batch 32D was found to have 70%, and 
Batch 37KE 50%, of the adrenocorticotrophic activity of this preparation. 

The material supplied was a powder and was dissolved in saline prior to 
intramuscular injection. Batch 37KE had previously been sterilised and 
Batch 32D was sterilised by boiling for 15 minutes immediately after the 
solution had been made. The dissolved material was occasionally stored 
overnight before using and was then kept freshen at — 20°C. 

RESULTS 

Adrenocorticotrophin was given to normal subjects on five oc- 
casions. In addition to these experiments various control leucocyte 
counts were made at different times of day.- As the preparation of 


Table 1. The diuhnal variation in leucocyte counts under normal 
CONDITIONS AND AFTER THE INJECTION OF PITRESSIN 


Subject 
& Date 

Time 

Leucocyte Counts Per Cubic Millimetre 

Number 
of Cells 
Examined 

Total 

Neutro- 

phil 

Lympho- 

cyte 

Eosin- 

ophil 

(Direct) 

Mono- 

cyte 


10:00 A.M. 

5,910 

3,460 

1.790 

188 

420 

2,000 


2:30 P.M. 

6,540 

3,870 


195 

510 

2,000 


5:00 P.M. 

7,320 

4,300 

2,420 

245 

600 

2,000 

-nnn 

8:00 P.M. 

8,490 

5,600 

2,380 

238 

476 

2,000 


10:00 a.m. 

jHj^B ; 

5,370 

2,640 

164 

652 

2,000 

"H" 

1:30 P.M. 

i 

6,280 

2,460 

153 

572 

2,000 

22/ 9/47 

4:45 P.M. 

^■TIC i 

6,820 

3,270 

150 

851 

2,000 


8:45 P.M. 


8,440 

■ 3,840 

250 

866 

2,000 

"Gr” 

10:00 A.M. 

5,560 

2,420 

2,650 

■n 

- 378 


15/10/47 

4:30 P.M. 

6,410 

3,250 

2.550 


500 



8:00 P.M. 

6,905 

3,220 


■B 

456 



10:00 A.M. 



3,750 

Not' done 




12:15 P.M. 


6,170 

2,690 

Not done 

841 



2:45 P.M. 


6,320 

3,028 

Not done 


2,000 


10:00 a.m. 


3,750 

1,140 

WM 

514 

2,000 

“Go" 

12 noon 


3,750 

1,800 


559 

2,000 

14/ 4/48 

4:00 P.M. 


4,130 

1,930 


689 

2,000 


8:00 P.M. 

7,630 

5,370 

1,610 

1^ 

466 

2;000 


20 units pitrcssin, intramuscularly — 5 units at 10:05 a.m., 12 noon, 2:00 p.m., 3:00 p.m. 


“H” 1 

10:00 A.M. 

9,420 

6,360 1 

2,050 

109 

791 

1,000 

10/ 9/47 1 

5:00 P.M. 

13 ,620 1 

9,940 I 

2,550 

75 

926 

1,000 


20 units pitressin, intramuscularly — 10 units at 10:05 ^ 

..M., 11:00 

A.M. 


“H” 

10:00 A.M. 

IK 

i^H 

HHBBB 

141 

776 

1,000 ■ 

15/ 9/47 

12:30 P.M. 

Ik STS^H 



63 

870 

1,000 

4:00 P.M. 

Js 



94 

986 

1,000 
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hormone initially available (32D) contained appreciable amounts of 
posterior pituitary contaminant, some counts were also made on one 
subject follovdng the injection of 20 units of pitressin. 200 mgs. of the 
corticotrophin Batch 32D assaj'^ed as containing this amount of 
pitressin. 

All these control findings are summarised in Table 1. 

In general the findings confirmed those of Elmadjian and Pincus 
(1946) nith regard to the Ijunphocytes and those of Rud,(1947) with 
regard to the eosinophils. The latter author has drawn attention to 
the marked variation which may occur even from minute to minute 
in the absolute eosinopliil count. The range of normal levels noted by 
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Fig. 1. Diurnal variations in lymphocyte and neutrophil counts in a female subject 
(H) on five separate control days. {See also Tables 1 and 6). 

■Percentage changes plotted in this and subsequent figures have been calculated 
from values obtained at or about 10 a.m. 

hini was quite similar to that shown in Table 1, although the varia- 
tions in his subjects were rather more marked. 

This variability of the eosinophil count makes it difficult to de- 
cide whether the fall noted after giving pitressin to subject “H” 
should be attributed to the effect of the hormone or not. If on these 
two occasions stimulation of the adrenal occurred as part of the reac- 
tion to pitressin it was not of the same degree as that induced on 
other occasions by injection of corticotrophin. 

In Figure 1 the neutropliil and Ijnnphocyte changes for five con- 
trol daj^s in Subject “H” are chai-ted. 

The early fall and later steady rise in the l3Tnphocytes reported 
bj’- Elamadjian and Pincus is well shown here. With regard to the 
monocytes, it can onlj’^ be stated that the variations are of the same 
degree as those noted later in the corticotrophin experiments. It is 
unlikely that sufficient cells were examined to establish the signifi- 
cance of these vaiiations. 



Table 2. Experiiyient 1. Effect of 40 mg, ACTH on the blood picture of a female subject (BI) 
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Experiments with Adrenocorticotropldn 

Experiments 1 to 3. In these an attempt was made to induce a 
sudden and pronounced increase in adrenal cortical activity. The 
quantity of hormone that could be injected at one time was limited 
by the pitressin content of the preparation. To minimize the effect of 
this the larger doses of corticotrophin were dhdded and injected over 
periods of 1-2 hours. In spite of this, one subject (“Rs”, experiment 
2) showed a very maidced reaction, presumably due to the posterior 
pituitary contaminant. After receiving two injections of 50 mgs. cor- 
ticotrophin, separated by an interval of 60 minutes, his resting blood 
pressure rose in 30 minutes to 180/120 and liis pulse rate, normally 
around SO, fell to 65. He had diarrhoea and marked abdominal 
cramps. One hour after the injection his blood pressure had fallen to 
134/88 and an hour later he had apparently recovered. In this ex- 
periment, then, one cannot exclude the possibilit}'" that the reaction 
to pitressin in itself produced a sufficient “stressful” situation to 
stimulate the adrenal cortex. In experiment 1 where 40 mgs. of the 
same preparation were used and in experiment 3 with 200 mgs. no 
serious reaction occurred. It was noted, however, that the pallor 
which occurred following the injections was of much longer duration 
and more intense than that following the injection of similar or larger 
quantities of purified posterior pituitary hormone. 

The results of these e.xperiments are shown in Tables 2-4. 

The findings in these three experiments were very similar and are 
illustrated by Figure 2, where the results from experiment 3 are 
charted. 

^ In the white cell counts the eosinophils showed the most marked 
change. The fall seen in experiment 3 occurred in all experiments and 
is apparently related in both degree and duration to the quantity of 
hormone administered. I^Tiile the number of lymphocytes also de- 
creased in this and other experiments, tliis was not more pronounced 
with the larger doses of corticotrophin. These cells always returned 
more 'quickly to normal than the eosinophils. The rise in the neutro- 
phil count is similar to that produced b}-- the injection of other foreign 
proteins. Like the Ijonphocyte response, it is variable in degree and 
duration. 

The serum protein and haematocrit values are of interest. Al- 
though the heamatocrit fell by 11%, indicating an increase in plasma 
volume, the serum protein values were not decreased. Thej^ were on 
the contraiy slightl}’’ raised. In the first two experiments also, the 
haematocrits fell, but not more than is usual in the course of the day. 

Values for anti-haemolysin are also shown in Figure 2. t'hej’^ are 
decreased slightlj^ in parallel with the haematocrit, but the changes 
noted are of doubtful significance. In the first experiment with 40 
mgs. corticotrophin there Avas a definite but slight increase 61 hours 
after the injection (Table 2), whereas in the 100 mg. e.xperiment 
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Fig. 2. Experiment 3. Suject H. The effect of 200 mg. ACTH (sec Table 4). 
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3) the titre increased at 3 hours from 1/80 to 1/160, but a change of 
this degree in agglutination litres is of doubtful validity. A similar 
change in the opposite direction was noted in experiment 1 (Table 2). 
In Figure 2 the values for ll-oxj'^ steroids observed in experiment 3 
are also charted. These were obtained for three six hour' urine col- 
lections made between 10 a.M. and 4 p.m. on three consectuive days. 
In the six hours following the injection of corticotrophin there was a 
fivefold increase in the excretion of these compounds indicating that 
adrenal cortical acti^dtj'’ was in fact increased. In the first two experi- 
ments, biological assay of the urine for three 48 hour periods was car- 
ried out and showed no change in the sample covering the experi- 
mental day. Presumabty the cortical response was so brief that it did. 
not noticeably change the total excretion of corticoids occurring in 
48 hours. 

Experiments 1^-5. Having failed to observe any appreciable rise 
in antibody levels in the above experiments it seemed possible that a 
longer period of adrenal stimulation might be necessary to produce 
this effect. 

In experiment 4 (Table 5) six injections at four hoiu’ly intervals 
were given, such that the total quantity of hormone received was 200 
mgs. This preparation of the hormone was the same as that used in 
experiments 1 to 3. It caused slight dizziness and marked pallor in 
the subject, together with some abdominal cramps. The values ob- 
tained for the anti-haemol 3 ^sin in this experiment are puzzling. Two 
control sera were obtained and a marked rise (43%) in the anti- 
haemolysin level was seen to have occurred before injection of the 
hormone started. No further blood samples were withdrawn until im- 
mediately before the last injection. The anti-haemolysin at this time 
had fallen to the initial control level. Two hours later it had risen 
73% above this and after four hours had again returned to the previ- 
ous level. At first it seemed that the samples drawn at 10 a.m. on the 
19th and the 20th might have been inadvertentlj'' interchanged and 
that in fact a rise in antibody titre had been induced by administra- 
tion of the hormone. There are three things which suggest that this 
was not a correct hypothesis. In the first place there was an interval 
of 24 hours between the taking of the two samples, making it ex- 
tremely unlikely that mis-labelhng had occurred. Secondlj’’, if the anti- 
haemolysin level at 10 a.m. on the 20th was 7.0 units it must have 
been due to an effect lasting at least four hours, as the previous in- 
jection of corticotrophin had been given at 6 a.m. A similar effect 
should then have been noted not onlj’^ in the 12 noon serum, which 
was taken two hours after the last injection, but also in the 2 p.m. 
sample. Finally, there was no parallel change in the typhoid agglu- 
tinin titres. 

In view of these inconclusive findings the next experiment was 
designed along similar lines. By then a new preparation of cortico- 
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trophin (Batch 37KE) had become available. This material had a 
verj’- low pitressin actiidty and consequently a larger amount of the 
hormone could safely be injected at one time. In all 420 mgs. were 
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that used by Hartley and Smith (1935) for the international standard- 
isation of staphylococcal antitoxin. It involves the use of a quantity 
of toxin some 50 to 100 times greater than that used by Chase, 
"ViTiite and Dougherty. Recognising that the method used by these 
workers might be sensitive to smaller changes in antibody titre, the 
sera obtained in one of the above experiments Avas titrated at differ- 
ent toxin levels. No difference in the relative levels of antitoxin could 
be detected, whether the titration was made against 1, 1/5 or 1/50 
L.H. unit. Difference of technique therefore cannot, in this instance, 
explain the difference in results. Another reason for the lack of ef- 
fective change in antibody titres may be that hyperimmune subjects 
were not used. This idea is suggested by the findings of Eisen ei al. 
They noted that the animals which did show rises in antibody ni- 
trogen were those which had previously shown high titres after im- 
munization. The course of staphylococcal toxoid given to the sub- 
jects of the present experiments was designed for routine therapeutic 
use and consequently is not comparable to the antigen stimulus usu- 
ally given to experimental animals. While it is possible to reach levels 
around 40 PIUs by repeated courses, this was not attempted. Pos- 
sibly antibodies are only stored in l 3 Tnphocytes when larger quantities 
of antibody have been manufactured and these conditions were not 
attained in the above experiments. Finally, it cannot be assumed that 
a fall in circulating lymphocyte counts necessarily reflects a destruc- 
tion of these cells throughout the body. The rapidity with which the 
counts return to normal would, if this were so, indicate an amazing 
capacity of the lymphoid tissue to pi'oduce these cells. One would ex- 
pect to find large numbers of very immature cells appearing in the 
circulation, a phenomenon which was not noticed while making the 
counts. 

SUMMARY 

Circulating antibody levels in normal human subjects were not 
increased following the administration of large quantities (40-400 
mgs.) of adrenocorticotrophic hormone. The findings of other work- 
ers regarding blood eosinophil and lymphocyte counts have, however, 
been confirmed. Both types of cells showed diminished counts, the 
fall in eosinophils being more marked and of longer duration the larger 
the amount of hormone injected. 

There was a rapid fall in the packed cell volume following the 
higher doses of corticotrophin which was maintained for many hours 
after the cell counts returned to normal. The increase in plasma vol- 
ume was not accompanied by a lowered concentration of serum pro- 
teins. 
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ADRENO-CORTICAL CHANGES IN SYRIAN 
HAMSTERS FOLLOWING GONADECTOMY 

PAUL H. KEYESi 

From the Division of Dental Research and Department of Anatomy, 
School of Medicine and Dentistry, University of Rochester 

KOCHESTER, N. Y. 

In the course of gonadectomy studies with Syrian hamsters, 
changes in the suprarenal cortex were observed which may be of in- 
terest to other investigators. At the end of an experiment to test the 
effect of gonadectomy on dental caries in hamsters, autopsies were 
performed on all animals. A detailed account of the experimental pro- 
cedures and other findings are available in previous reports (Keyes, 
1946, 1948). 

The weights of the suprarenal bodies are reported in. Table 1. 
These data are in agreement with previous observations of Peczenik 


Table 1. Litter distribution of absolute and relatr’e suprarenal weiqhts. 
Values in milligrams 



Control Males 

Castrated Males 

Control Females 

Spayed Females 


Abso- 

mg/lOO 

Abso- 

mg/100 

Abso- 

mg/100 

Abso- 

mg/IOO 

Litter 

lute 

gm of 

lute 

gra of 

lute 

gra of 

lute 

gm of 


Weight 

body wt. 

Weight 

body wt. 

Weight 

body wt. 

Weight 

body wt. 

B 

10 

10.7 

15* 

8.8 

13 

7.5 

. 12 

0.7 

C 

20 

23.8 

10 

10.0 

11 

0.8 

15 

10.0 

D 

25 

24.8 

10 

10.1 

10 

0.8 

13 

8.1 

E 

20 

18.3 

18 

11.0 

11 

7.4 

17 

10.0 

G 

20 

24.0 

21 

12.5 

10 

5.8 

. 18 

11.0 

H 

20 

20.8 

17 

10.7 

15* 

9.0 

15* 

9.4 

I 

10 

20.5 

10 

12.0 

12* 

7.5 

12 

9.2 

K 

19 

19.2 

10 

12.2 



13* 

9.5 

L 



17 

11.2 

15 - 

9.7 

10 

11.3 

M 

21+ 

22.2 

20* 

12.8 

10 

13.2 

15 

10.7 

M 

21 

20.2 



15 

12.2 - 



Mean 

21 

20.9 

17 

11.2 

13 

8.7 . 

15 

9.7 


* Organ was slightly damaged in dissection. Values are not included in average weights, either absolute or 
relative. 


Received for publication November 15, 1948. 

1 Now at the Harvard School of Dental Medicine, Boston, Massachusetts. 


Sections of suprarenal cortex of gonadectomized hamsters. Zenker fi.vation; hema- 
toxylin and eosin. 

Fig. 1. a) Groups of enlarged cells in zona glomerulosa. b) Invasion of zona fascicu- 
lata by spindle-shaped cells, c) Medulla. (XlOO) 

Fig. 2. a) Hj^pertrophied subcapsular cells in, zona glomerulosa. b) Dcnselj' packed 
cells with indistinct cytoplasm and nuclei containing coarse chromatin material, c) 
Normal fasisculata cells. (X430) 

Fig. 3. a) Follicle-like arrangement of large vesicular cells, b) Densely aggregated 
cells some of which appear to assume a spindle shape. ( X430) 
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QUANTITATIVE INTERFERENCE WITH ESTROGEN- 
INDUCED TISSUE GROWTH BY FOLIC ACID 
ANTAGONISTS' 

ROY HERTZ and WM. W. TULLNER 
From the Endocrinology Section, National Cancer Institute 

BETHESDA, MARYLAND 

We have previously reported that the folic-acid deficient chick 
exhibits only a very limited response to even excessively high doses of 
administered estrogen (Hertz, 1945). A similar impairment in estrogen 
response has been observed in the folic-acid-deficient monkey (Hertz, 
1948). Moreover, the degree of response to injected estrogen as evi- 
denced by increase in weight of the genital tract in the chick was 
shown to be quantitatively related to the amount of' folic acid in- 
gested. These observations have been confirmed by Kline and Dorf- 
man (1948). 

Preliminary data have been previously presented indicating that 
the ingestion of a chemically unidentified, crude folic acid antagonist 
incorporated into a normal stock die.t leads to a marked reduction in 
genital tract response to diethylstilbestrol in chicks (Hertz, 1948). 
Frankhn et al. (1948) have reported similar observations. 

The present report is concerned with further quantitative studies 
on the inhibition of estrogen-induced tissue growth in the genital 
tract of both the chick and rat by means of certain chemically identi- 
fied folic acid antagonists. 

METHODS AND MATERIALS 

(A) Chicks: New Hampshire Red chicks of the same flock were used 
throughout.^ They were received the day after hatching and were main- 
tained in electrically heated brooders. No food was given but tap Avater Avas 
proAuded ad libitum. On each of the first three days in the laboratory the 
chicks Avere injected subcutaneously AAuth from 0.2 cc. to 1.0 cc. of an 
aqueous solution or suspension of the folic acid antagonist to be tested. In 
experiments designed to shoAA" the reAmrsibility of the observed inhibition, 
the chicks also received subcutaneously each day 5 mg. of folic acid dissob'^ed 
in 1 cc. of .05/N NaOH. The folic acid AA’-as alAA^ays injected one hour before 
the administration of the antagonist. On each of the last Javo days of the test, 
1 mg. of diethylstilbestrol dissoNed in 0.2 cc. of corn oil AA'^as injected sub- 
cutaneously. TAventy-four hours after the last injection the animals AA^ere 

Received for publication November 19, 1948. 

' Read before the annual meeting of the Association for the Study of Internal 
Secretions; June 19, 1948, Chicago, 111. 

- Obtained from Hall Bros. HatcherA’', Wallingford, Conn. 
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autopsied. The body weight was recorded and the genital tract dissected out 
and weighed. Control groups of animals receiving diethylstilbestrol alone 
and those receiving no treatment were autopsied at the same time. 

(B) Rats: Twenty-one day old weanling female rats of the Wistar Strain 
were ovariectomized and given a pulverized stock ration® supplemented with 
2 per cent dried liver ad libitum. After a rest period of from 3 to 5 days 
each rat was given the test dose of folic acid antagonist subcutaneously in 
0.2 cc. to 1 cc. of an aqueous solution or suspension on each of three consecu- 
tive days. On the second and third daj’’ of treatment the rats also received 
10 micrograms of estradiol in 0.5 cc. distilled HsO subcutaneously. In the 
reversal experiments, the folic acid was administered subcutaneously in 
1 cc. of .05/N NaOH at the rate of 5 mg. per daj’' for 4 consecutive days, 
starting the day preceding treatment with the antagonist. At autopsy, 24 
hours after the last injection, the uteri were dissected out, freed of distending 
fluid, and weighed to the nearest milligram. 

The folic acid employed was crystalline pterojdglutamic acid. The 
antagonists investigated included:^ 

(I) 4-aminopteroylglutamic acid 

(II) 4-aminopteroylaspartic acid 

(III) 4-amino-N' “-methyl pteroylglutamic acid 

(IV) 2,4-diamino-G,7-dimethyl pteridine 

(V) 2-amino-4-hydrox5’--6,7-di(p-amino-phenyl) pteridine 

(VI) 2,4-diamino-6,7-diphenyl pteridine 

(VII) 4-desoxypteroylglutamic acid 

(VIII) 2-amino-4-hydroxj’--6,7-diphenyl pteridine 

RESULTS AND DISCUSSION 

Most of the detailed quantitative studies were done with 4- 
aminopteroylglutamic acid (I). 

Figure 1 presents the data from a representative experimental chick 
series. It will be seen that doses of from 4 to 16 micrograms of 4- 
aminopteroylglutamic acid (I) effect progressive decrements in ovi- 
duct weight. This impairment in oviduct response is readily reversed 
by administration of an excess of folic acid. 

Similar observations in the rat are summarized from 3 successive 
experiments in Fig. II. As in the chick, the significant features are (a) 
the distinct quantitative relationship between the inhibition obtained 
and the dose of antagonist administered and (b) the nearly complete 
reversibihty of the inhibition by high doses of folic acid. 

The observations made with the other antagonists on the chick 
are summarized in Table 1. It will be seen that 4-amino-N^“-meth3d 
folic acid and 4-aminoptero5daspartic acid also exert an inhibitorj^ 
effect which is reversible by folic acid in the former. A limited inhib- 
itory effect is also observed wdth 4-desox3’^pteroyl-glutamic acid. The 

’ Purina Cliow. 

^ (I) (II) (III) and crystalline folic acid kindly supplied by the Lederle Labora-., 
torios, Pearl River, Now York. (IV) (V) (VII) kindly supplied by Dr. R. A. Brown, 
Parke Davis & Co., Detroit, Michigan. (VIII) and (VI) kindly furnished by Dr. C. Iv. 
Cain, Cornell University, Ithaca, New York. 
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AMINO PTEROYL GLUTAMIC ACID IN MICROGRAMS 

Fig. 1. Effect of folic antagonist on chick oviduct response to stilbestrol. 



AMINO PTEROYL GLUTAMIC ACID IN MICROCRAMS 

Fig. 2. Effect of folic antagonist on rat uterine response of estradiol. 




March, 1949 


■ FOLIC ACID AND ESTROGENS 


281 


pteridine compounds proved essentially ineffective at the moderate 
doses employed. These negative data serve to indicate the specificity 
of the inhibition obtained with the more active compounds. 

The marked dependence of a specific tissue growth response upon 
a dietary trace factor is a phenomenon of both practical and theoreti- 


Table 1. Effect of folic acid antagonists on estrogen 

RESPONSE IN CHICK OVIDUCT* 



Daily 

Oviduct 

Antagonist 

Dose 

Weight 


mg. 

mg. 

4-amino-N*°-methyl pteroylglutamic acid 

0.2 

23 ±5 

1.0 

23 ±3 


0.2* 

57 + 8 


0.0 

51 +6 

4-aminopteroyIaspartic acid 

0.2 

48 ±5 

0.4 

44 ±5 


0.8 

33+9 


2.0 

29+6 


3.0 

22 ±7 


4.0 

20+3 


0.0 

1 54 ±8 

4-desoxypteroylglutamic acid 

1.0 

50 ±7 

5.0 

55 ±6 


25.0 

' 47±6 


50.0 

23 ±4 


0.0 

59 ±5 

2, 4-diamino-6, 7-dimethyl pteridine 

1.0 

48±5 

5.0 

58 ±12 

2-amino-4-hydro.vy-6, 7-diphenyl pteridine 

1,0 

50 ±4 

5.0 1 

53+5 


9.0 ' 

47 ±4 

2-amino-4-hy droxy-6,7-di (p-aminophenyl) pteridine 

1.0 

48+6 

5.0 

62±11 

2, 4-diamino-6, 7-diphenyl pteridine 

1.0 

52+4 

5.0 

51+8 


9.0 

52+9 


* All animals treated as described in text; 10 chicks in each group. 

* Also given 5 mg. folic acid daily. 


cal interest. Further study of this and related effects may serve to 
elucidate the metabofic mechanisms involved in this t 3 ipe of hormonal 
response. In the case of folic acid there is not yet decisive information 
as to the precise metabolic role of this ^dtal substance in cellular 
metabolism. There is some indication that the %'itamin is concerned 
with the metabolism of th 3 ’’mine and other pyrimidines and purines 
(Stokes, 1944). However, when the essential function of folic acid 
becomes clarified, we may also gain further knowledge of some of the 
mechanisms involved in estrogen-induced tissue growth. 

The quantitative character of the inhibition obtained in both the 
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chick and the rat suggests an intimate and dynamic relationship be- 
tween the hormone and the vitamin. It is noteworthy that this re- 
lationship apphes to estrogens of both the stilbene and steroid t 3 T 3 e 
and can be demonstrated in both bird and mammal. 

The available data do not warrant the conclusion that the inter- 
action between folic acid and its antagonists in the quantitative de- 
termination of estrogen-induced tissue growth maj’' be considered a 
strictly competitive relationship. Before such a conclusion may be 
reached there will be required data indicating the minimal amount 
of folic acid needed to reverse the inhibition produced by variable 
amounts of antagonist. The data at hand simply demonstrate that 
the expected level of tissue growth may be restored by an excess of 
folic acid. 

It should be emphasized that the growth inhibition effected by 
the folic acid antagonists occurs in a tissue which is under the in- 
fluence of a highly potent growth stimulus administered at enormous 
dose levels. Further study of the quantitative ratio between hormone 
dose and the quantity of antagonist- required for maximum inhibition 
may serve to further characterize the vitamin-hormone relationship. 

The interference with the action of a hormone bj'^ an anti-vitamin 
has certain implications for therapy in those conditions in which it 
may prove desirable to reduce the biological effectiveness of endoge- 
nous hormones, as in the case of prostatic carcinoma (Huggins et al. 
1941); and cancer of the breast (Boyd, 1900). The present observa- 
tions may serve as a basis for further exploration in this field. 

SUMMARY 

Quantitative inhibition of esti'ogen-induced tissue growth in the 
female genital tract by a number of folic acid antagonists is demon- 
strated in the stilbestrol-treated chick and in the estradiol-treated 
ovariectomized rat. This inhibition is reversed by the administration 
of folic acid. 

The significance of quantitative interference with hormonally in- 
duced tissue growth by an anti-vitamin is discussed. 
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THE ELEVATION OF PLASMA RIBOFLAVIN IN 
ESTROGEN TREATED FEMALE CHICKS 


ROY HERTZ, F. G. DHYSE, and WM. W. TULLNER 
From the Endocrinology Section, National Cancer Institute 
BETHESDA, MARYLAND 

A MARKED increase in the fluorimetrically determined riboflavin 
content of the serum of the immature female domestic fowl under- 
going treatment with estradiol dipropionate was reported by Comman 
and Bolton (1946), and Common, Rutledge and Bolton (1947), 

We have further investigated this phenomenon as a part of a more 
general stud}'' of the role of essential nutrients in hormonal stimula- 
tion of tissue growth. An increase in plasma riboflavin was observed 
in female chicks treated with diethylstilbestrol, the ribofla-\nn being 
determined both fluorimetrically and microbiologically. In addition, 
we have attempted to determine the source of the elevated plasma 
ribofla'\'in by analyses of muscle and liver of chicks maintained on a 
complete and on a riboflavin deficient diet. 

It was also observed that the blood nicotinic acid content, in 
marked contrast with the ribofla'vin content, is not materially altered 
by estrogen administration. 

MATERIALS AND METHODS 

New Hampshire Red female chicks from the same flock were used 
throughout.* These chicks were received the day after hatching and were 
placed immediately either on a stock diet,= or on a synthetic diet of known 
riboflavin content (Franklin et al., 1947). 

Estrogen treatment consisted of the subcutaneous administration of 1 mg, . 
diethylstilbestrol in 0.2 cc. corn oil daily for 5 days. Control chicks received 
equivalent amounts of corn oil alone. Treatment was begun when the 
chicks were 15 to 20 da}’'s of age. Autopsy was performed 24 hours after the 
last injection in all instances, except in those chicks described in Table 2, 
which were retained for the indicated intervals after injection in order to de- 
termine the rate of decline in riboflavin after cessation of treatment. 

Blood and tissue samples taken from indiA'idual birds were prepared for 
assay according to Loy (1947). For the microbiological assays for ribo- 
flavin and nicotinic acid, Lactobacillus casei was grown on the medium 
described b}’- Teply and Elvehjem (1945) and the method of Snell and 
Strong (1939) was employed. 

The fluorimetric determinations were made by the official method of the 

Received for publication November 19, 1918. 

' Obtained from Hall Bros. Hatchery, Wallingford, Conn. 

- Purina Startena. 
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A.O.A.C. (1945), except that the addition of 3 drops of concentrated NaOH 
was employed for the development of the blank, this procedure having 
proven adequate for the complete inactivation of the riboflavin present 
(Robertson and Kahler, 1942). 

RESULTS AND DISCUSSION 

A marked elevation in plasma riboflavin following estrogen ad- 
ministration is seen in both normal and riboflavin deficient birds, al- 
though the rise is not as great in the deficient animal. Nevertheless, 
the liver and muscle content of riboflavin remained unaltered in both 


Table 1. Effect of diethylstilbestrol on riboflavin content 
OF CHICK liver, PLASMA, AND MUSCLE* 


Diet 

Stil- 

bestrol 

Treated 

m 

Assay 

Method^ 


Liver 

Muscle 

1 

Stock 

+ 

24 

M 

1 .21 ± .45 

14.8±1.2 

2.2± .1 

F 



2.0± .3 

- 

21 

M 

0.34±.08 

13.9±1.3 

2.6± .1 

F 

.07+ .04 

14.4±2.1 

2.0± .2 

Riboflavin 

Deficient 

+ 

12 

M 

0.61 ± .19 

7.8±0_.5 

2,5± .4 

F 

.09 ±.03 

7.8±1.4 

,2.1±.4 

- 

18 

M 

0.32+ .08 

8.7±2.1 

2. 4 ±.3 

F 

.06 ±.08 

9.0 ±1.8 

1.9±.2 


* All values are expressed as micrograms of riboflavin per gm. of fresh tissue or cc. 
of fresh plasma. 

‘ F =fluorimetric; M = microbiological. 


normal and deficient chicks receiving estrogen. The increase in plasma 
riboflavin can be induced by estrogen administration in the deficient, 
bird even though the liver content of riboflavin is reduced to about 
half the normal level. The muscle content is unaffected either by the 
riboflavin deficiency or by estrogen treatment. The data therefore in- 
dicate that the serum elevation is not necessarily accompanied by a 
marked tissue depletion and that this increase in plasma level does not 
require full tissue saturation. 

The maintenance of an elevated plasma riboflavin level after ces- 
sation of estrogen injection continues for less than six'days, (Table 2). 
These data suggest that the continued mobilization of the vitamin 
requires a relatively high hormone level. 

The nicotinic acid content of the blood was determined largely for 
comparison with the riboflavin content. The data in Table 3 indi- 
cate that the blood content of nicotinic acid is not materially altered 
by estrogen administration. This observation serves to emphasize the 
significance and specificity of the riboflavin effect. 
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It wall be noted (Table 1) that there is excellent agreement in the 
values obtained by fluorimetric and microbiological assay in the case 
of liver and muscle. However, the serum assays show a higher value 
for riboflavin by the microbiological method than by fluorimetric de- 


Table 2. Blood riboflavin after discontinuation of estrogen 


No. of 

Days* 

No. of 

Chicks 

Assays 

1 - 

6 

0.79 (.21 -1.7) 

6 

4 

i 0.23(0.17-0.27) 

11 

4 

0.18 (0.15-0.21) 

15 

4 

0.22(0.12-0.27) 

20 

3 

1 

0.11 (0.08-0.13) 

25 

4 ! 

0.16 ( .14- .18) 

** 

4 

0.15(0.12-0.18) 



4 

0.12 ( .08- .15) 


* Number of days after last stilbestrol injection. 

** Untreated Controls killed at beginning of experiment. 

*♦* Untreated Controls killed at end of experiment. 

‘ Microbiologically determined riboflavin in micrograms per cc. fresh blood; range 
in parentheses. 


Table 3. Effect op estrogen on blood content op nicotinic acid 


Sample 

Stilbestrol 

Assay' 

A 

+ 

8.0 


- 

10.0 

B 

+ 

8.0 

- 

10.5 

n 

+ 

10.9 


- 

12.4 

D 


9.3 

- 

12.7 


' Expressed as micrograms of nicotinic acid per cc. fresh blood. 


termination. This discrepancy is probably attributable to the presence 
in chick blood of non-specific lipid materials which stimulate the 
growth of L. casei, (Strong and Carpenter, 1942). It is pertinent that 
estrogen administration leads to a mai’ked lipemia in the bird, 
' (Fleischmann and Fried, 1945). Such a lipemia would presumably in- 
crease the blood content of the factors stimulating bacterial growth. 
Accordingly, further study of the hormonal factors involved in the 
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mobilization of these growth-promoting lipids and their potential ef- 
fect upon the tissue growth response to estrogens in the female genital 
tract may prove fruitful. Moreover, our microbiological assays for 
riboflavin in plasma must be considered only as comparative rather 
than as absolute values. 

SUMMARY 

Earlier reports of a marked increase in plasma riboflavin in the 
chick after estrogen administration have been confirmed. This eleva- 
tion in plasma riboflavin titre was also observed in riboflavin deficient 
' chicks. The muscle and liver content of riboflavin was not altered by 
estrogen administration in either normal or riboflavin deficient chicks. 
In contrast to the riboflavin effect, the nicotinic acid content of the 
blood remained unaltered after estrogen treatment. The blood ribo- 
flavin levels returned to normal within six days following cessation of 
estrogen injections. 
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NOTES AND COIMMENTS 

INTERPRETATION OF EXPERIMENTAL RESULTS 
OBTAINED WITH DIBENAMINE^ 

Demonstration of the highly effective and specific adrenergic blocking 
action of Dibenamine (N,N-diberizyl-6-ehloroethylamine) (Nickerson and 
Goodman, 1945, 1947, 1948j Nickerson and Nomaguchi, 1948) suggested its 
use as a tool in determining the role of excitatory adrenergic stimuli (epi- 
nephrine or sjrmpathetic nerve impulses) in a variety of physiological proc- 
esses. Among the papers reporting the use of Dibenamine in this capacity 
are those of Sawyer et al. (1947, 1948) on the prevention of post-copulatory 
ovulation in the rabbit bj^ Dibenamine, and that of Rockwell (1948) on the 
therapeutic effect of Dibenamine in certain ps 5 '^choses. In both cases, the 
conclusion was reached that blockade of adrenergic stimuli was causally 
related to the effects observed after the administration of Dibenamine. A 
careful analysis of the pharmacology of this drug indicates that alternative 
explanations must be considered. 

Although the adrenergic blocking action of Dibenamine (and related 
/S-haloalkylamines) usually overshadows all other actions of these com- 
pounds, it must be kept in mind that no known drug is absolutely specific. 
The following points are of particular importance in evaluating the results 
of experiments employing Dibenamine. 

1. Dibenamine has a direct excitant action on the central nervous sys- 
tem. This effect appears to be independent of the adrenergic blocking action. 
It occurs earlier and is of much shorter duration than the blockade. Central 
nervous system excitation is particularly prominent after rapid intravenous 
administration of the drug and under these circumstances may be the most 
prominent action. 

2. Dibenamine has been shomi to block primarilj’’ the excitant effects 
of adrenergic stimuli on smooth muscle and exocrine gland cells. It has not 
been shown to block any adrenergic metabolic effects or the actions of 
adrenergic stimulation on the central nenmus system, such as hyperventila- 
tion, analepsis, etc. 

3. In contrast to the direct central stimulating action of Dibenamine, 
the adrenergic blocking action develops slowly. This action appears earlier 
when large doses of the drug are employed, but present results indicate that 
maximum blockade does not occur until at least 1§ hours after intravenous 
administration. 

All these points apply to an interpretation of the work of SaAvyer and 
a,ssociates. The rapid injection and short time-intervals inA’’oh’'ed in their 
experiments at once suggest the possibility that the direct effect of Di- 
benamine on the central nervous system rather than its adrenergic blocking 

ReceiA’cd for publication November 15, I94S. 

* Dibenamine and 2-dibenzylaminoethanol wore kindly supplied by Dr. William 
Gump of Givaudan-Dolawanna, Inc. 
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action may have been the critical factor in preventing ovulation. (The in- 
jections in their experiments were regularly followed signs of extreme 
central nervous system stimulation.) In the work of Rockwell, cerebral vas- 
cular changes as well as direct central nervous system stimulation must be 
considered. 

Fortunately, the above difficulties of interpretation can be largely over- 
come by control experiments employing 2-dibenzylaminoethanol. This com- 
pound is the hydrolysis product of Dibenamine in which the d-chlorine is re- 
placed by an hydroxyl group. It has no demonstrable adrenergic blocking 
or local necrotizing action, but retains most of the other pharmacological 
properties of Dibenamine. Its direct action as a central nervous system stimu- 
lant in comparison with that of Dibenamine is shown in Table 1. The sUghtly 


Table 1. Comparison of central nervous system stimulation produced 

BY DIBENAMINE AND 2-DIBENZYLAMINOETHANOL 


Dose* 

mg./kg. 

No. of 
Mice 

Convulsions 

% 

Ave. Duration 
of Convulsions- 
min. 

Mortality* 

% 


DIBENAMINE 


25 

10 

80 

0.29+0.07 

0 

35 

10 

100 

2.8 +0.60 

0 

50 

10 

100 

7.9 ±1.7 

40 


2-DIBEN7.YLAMINOETHANOL 

i 

! 

18 


60 

0.66±0.25 

0 

25 


100 

2.2 +0.46 

40 

35 


100 

4.0 ±0.53 

53 


' All injections had a volume of 5-10 ml./kg. and were made in 5 seconds. 
- In animals which survived. 

’ All deaths were due to asphy.xia during convulsions. 


greater potency of 2-dibenzylaminoethanol and its somewhat greater ratio 
of lethality to duration of convulsions are probably attributable to its 
greater aqueous solubility. The compound also produces an increased respira- 
tory exchange and other signs of central nervous system stimulation. 

It may be hoped that the employment of 2-dibenzylaminoethanol as a 
control substance in experiments involving the adrenergic blocking action of 
Dibenamine will materially clarify interpretations of the results obtained. 
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MALE MATING BEHAVIOUR SHOWN BY FEMALE RATS 
TREATED VTTH ENORMOUS DOSES OF ESTRONE 

Stone 1924 and Beach 1938 reported that in male rats, which were vigor- 
ous copulators, a tendency to develop certain elements of female mating 
behaviour could be obserr'ed. Later, Beach (1941) demonstrated that large 
doses of testosterone-propionate elicit female mating behavior in male rats, 
especially if these animals are excited by a previous copulation which was 
interrupted before ejaculation. 

We have shovm (Engel, 1942) that similar effects can be produced in 
male mice hy testosterone propionate as well as by estradiol benzoate or by 
yoliimbine. We affirmed Beach’s theorj’" that in those cases the reactions are 
rather due to a sexual (ambivalent) excitation of the nervous system, which 
is capable of producing the mating pattern of either sex. Recently we have 
extended this theory by observations in female rats, where also sex hormones 
elicit an apparently" homosexual or lesbic reaction. Beach (1942) had shown 
that testosterone may produce male mating behaviour in spayed female rats. 

Two groups of rats, one of four adult female rats, which had been spayed 
one year ago being then very young, virginal animals, and a second group of 
three adult normal female rats aged one year, received each one a deposit of 
10 milligrams (100,000 i.tj.) of estrone in form of microcrystals by intra- 
muscular injection into the right bind leg. 

From the second day and during a long period following, the animals of 
both groups were in perfect estrus. In order to determine the permanence of 
this state, vaginal smears were taken. From the tenth day we observ'ed that 
after taking the vaginal smears (which w'as done with a small piece of cotton 
fixed on a very fine pincette), all animals were in a state of sexual hyper- 
excitation. It should be mentioned that the spayed animals had never had 
any contact vdth a male, and the normal females had not had such inter- 
course for some months. In the present experiment we observed that the 
excited animals began to chase each other, in the same manner a male rat 
would do, licking the genital region and afterwards trying to mount. 

Normal, or spayed females, excited only by friction of the vagina, never 
showed a siriiilar reaction in presence of other female rats, whilst each of the 
rats treated with 100,000 i.u. of estrone reacted as noted above. There was 
no difference between spayed and normal female rats; the animals not only 
attacked rats in permanent estrus, but also proestric, or metestric females, 
as well as spayed rats. But, as there was no reaction on the side of the 
attacked animals, the pursuers quickly ceased to be interested in them. 

This indicates a certain difference between the behaviour of the normal 
male, which wiU attack only estrous females, and treated animals. It agrees 
very well with Beach’s obser\'ation that young male rats, made “hyper- 
excitable” by testosterone-propionate, displayed a tendency to mate with 
non-receptive female rats, male rats, and even guinea pigs. 

Once more we come to the conclusion that a very strong hormonal hyper- 
excitation elicits the nenmus reactions in sexual behavior to attack what- 
ever object; but this is rather to be considered as a general hypersexuality 
than as a transformation into a homosexual attitude. 


Received for publication November 19, 1948. 
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SUMMARY 

Female rats, entire as well as spayed, injected with 10 mgms. of estrone 
in microcrystals, excited by friction in taking vaginal smears, attack other 
females of their species, chasing and even mounting them, showing male 
mating behaviour. 
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ASSOCIATION NOTICE 


ANNOUNCEMENT OF THE 1949 MEETING OF THE 
ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirty-First Annual Meeting of The Association for the Study of 
Internal Secretions will be held in the Chalfonte-Haddon Hall, Friday and 
Saturday, June 3, and 4, 1949, in Atlantic City, New Jerse 3 ^ 

We are informed by the hotel management that reservations vull be diffi- 
cult to secure on short notice; therefore, -members are urged to make reserva- 
tions at once with Chalfonte-Haddon Hall, giving time of arrival and length 
of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly, and 
registration mil be on the same floor. The annual dinner will be held in the 
Rutland Room, Friday, June 3rd. at 7 p.m., preceded by cocktails in the 
same room. 

Those mshing to present papers, which will be limited to ten minutes, 
should send title and four copies of an abstract of not more than 200 words, 
to Doctor J. S. L. Bromie, Royal Victoria Hospital, Montreal 2, Canada, 
not later than March 1, 1949. It is imperative that the abstracts be informa- 
tive arfd complete vdth results and conclusions in order that they may be of 
reference value and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the Aj’^erst, McKenna 
and Harrison Fellowship should be made on special application forms, which 
may be obtained from the Secretary-Treasurer, Doctor Henry H. Turner, 
1200 North Walker, Oklahoma Cit 3 '' 3, Oklahoma, and filed with the Secre- 
tarj*^ not later than March 15, 1949. 


POSTGRADUATE COURSE IN ENDOCRINOLOGY 

A postgraduate course in Endocrinology, sponsored by the Association 
for the Study of Internal Secretions, will be held at the Skirvin Hotel in 
Oklahoma City, February 21-26, 1949. 

The faculty will consist of outstanding clinical and research endocrinol- 
ogists of the United States and Canada. The program will consist of clinics 
and demonstrations and vdll be a practical one of equal interest to those in 
general medicine and the specialists. 

The fee vill be SlOO for the entire course and applications will be accepted 
in the order received. Applications should be directed to Henrj'- H. Turner, 
M. D., Secretar 3 '--Treasurer, 1200 North Walker, Oklahoma City, Oklahoma. 
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ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941 — Dr. Philip E. 
Smith; 1942 — Dr. Fred C. Koch; 1943 — no award was given; 1944 — Dr. E. 
A.. Doisy; 1945 — Dr. E. C. Kendall; 1946 — Dr. Carl G. Hartman; 1947 — 
Drs. Carl F. and Gerty T. Cori; 1948 — Dr, Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 

THE CIBA AWARD 

The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but no recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood; 1945 — Dr. Jane A. Russell; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If \vithin 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may he 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship otII vary 
in accordance with the qualifications of the appointee, but will not exceed 
$2,500.00 The Committee will, in reviewing the proposed program of study, 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present evidence or scientific 
ability as attested by studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed study; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. ^ 

Each member has the privilege of making one nomination for each award, 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributi,ons to endocrinology and by a bibliography of the 
nominee’s most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms which may be obtained 
from the Secretary, Dr. Henry H, Turner, 1200 North Walker Street, Okla- 
homa City, Oklahoma, and returned- to him not later than March 15, 1949, 
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QUANTITATIVE STUDIES OF CELL TYPES IN 
THE RAT HYPOPHYSIS FOLLOWING UNI- 
LATERAL ADRENALECTOMY 

JOHN C. FINERTY and BENJAMIN BRISENO-CASTREJONi 
From, the Deparbnent of Anatomy, Washington University School of Medicine 

ST. LOUIS, MISSOURI 

The interrelationship between hypophysis and adrenal cortex 
has been established conclusively by extensive experimentation with 
hjTiophysectomized animals, through the use of pituitary implants 
and by means of injections of extracts into both intact and hypoph- 
ysectomized animals. Reduction of adrenal cortical hormone con- 
centration in the blood is believed to increase hypophyseal adreno- 
trophic secretion, resulting in hypertrophy and hypersecretion of the 
adrenal cortex (Tepperraan, Engel and Long, 1943). Nevertheless, in 
spite of remarkable agreement among present investigators concern- 
ing the relationship between pituitary gland and adrenal cortex, there 
is lack of agreement regarding the specific type of cell in the anterior 
h 3 ^pophysis which is responsible for secretion of the adrenocortico- 
trophic hormone. Until recentlj'-, most studies of this problem had 
been limited to observations on the histologj’- of the pituitary gland 
following death from Addison’s disease (Kraus, 1927'), or in the termi- 
nal stages of complete adrenalectomy of experimental animals. The 
most common findings under these conditions have been diminution 
and degeneration of both acidophiles and basophiles. Crooke and 
Russell (1935) state that the constant features in pathological adrenal 
insufficiency are the extreme decline in the number of basophile cells, 
a variable reduction in the number of acidophiles, the presence of a 
series of abnormal basophilic cells and of a considerable number of 
large chromophobes. Severinghaus (1938) describes one case of a 
woman ivith Addison’s disease in which there was a marked increase 
in basoplnles. In summarizing the results in this field, Severinghaus 
states, “Addison’s disease in general seems to be associated with a 
depletion of basopliiles from the hj^pophj^sis, but certain glands have 

Receh’ed for publication April 29, 194S. 

' Heermans Follow in Anatomy 1946-47, 

Copjiight, 1949 , by the Association or the Study of Internal Seertiona 
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appeared to show an attempt to attain normalcy, a process Avhich may 
be of such short duration as to be generally missed. Basophilic activity 
seems indicated.” Reese, Koneff and Aldmoto (1939), in studying 
the anterior pituitary glands of male rats showing acute symptoms 
after double adrenal ablation, find diminution in number and size 
of acidophiles, correlated with progressive loss of granular material 
and regressive changes in the Golgi apparatus. The basophiles of 
their rats are also obviously diminished in number and size with 
cytological changes being dependent upon severity of sjmiptoms and 
length of post-operative period. The observations, upon which these 
conclusions aye based, were on terminal stages of bilateral adrenalec- 
tomy in experimental animals, or on cases of Addison’s disease; thus 
the question arises as to whether the .changes were a result of modi- 
fication in pituitary-adrenal cortical relationship, or- of abnormal 
metabolism of the body as a whole (inanition?). 

Heinbecker and Rolf (1944) attribute adrenotropliic secretion to 
the eosinophihc cells: they find functional depression of the adrenal, 
cortex followed by progressive, atrophy in hypophysectomized dogs, 
whereas when the infundibular stem is severed and fibers from the 
paraventricular nucleus are cut by a puncture wound in the posterior 
hypothalamus the eosinophile cells are maintained, the basophiles 
decrease in number and the adrenal cortex remains normal. 

D’Angelo, Gordon and Charipper, (1948) have utilized the char- 
acteristic absolute adrenal hypertrophy of guinea pigs following dep- 
rivation of food as a means of determining the cellular basis for 
adrenocorticotrophic, secretion. Under these conditions of probable 
corticotrophic hypersecretion they find progressive loss of acidophilia, 
and an increase in number of basophiles and chromophobes. “These 
results are interpreted to mean that cortical hjqjertrophy in the starv- 
ing guinea pig results from augmentation of adrenotroplnn secretion 
by the basophiles of the anterior pituitary.” Unfortunately, the corti- 
cal hypertrophy of inanition and the cellular changes in the hjqjoph- 
ysis have not been produced in animals other than guinea pigs, 
and the cortical hypertrophy seems to be unaffected by exogenous 
cortical hormones. 

The present observations are on unilaterally adrenalectomized 
rats, in winch relative reduction in adrenal cortical tissue stimulated 
adrenocorticotrophic activity so that compensatory hypertrophy of 
the remaining adrenal gland occurred. These animals were healthy, 
well-nourished and continued to grow so that their body weights were 
only slightly lower than those of unoperated control rats. 

PROCEDURE 

The results of this investigation are based on quantitative histological 
studies of the pituitary and adrenal glands of one hundred and twenty male 
rats of the Sprague-Dawley strain. Male rats were used to avoid the compli- 
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cations of any cyclic phenomena associated with the estrous^ cycle. The left 
adrenal glands were removed from all experimental animals at the age of 31 
days. One group^was kept at laboratory temperature (Approx, 26°C.), and a 
second group was placed in a cold room kept at 5.6°C. to appl}"^ an additional 
stimulus to compensatory hj’’perfroph 3 \ Autopsies were performed 6, 10, 15, 
and 25 daj’-s following operation. The h 3 T)ophysis was removed and immedi- 
ately fixed in Zenker-formol solution. Adrenal glands, thjwoid gland, thymus 
and testes were weighed on a torsion balance and fixed in 10% formalin. 

The pituitarj’- glands were sectioned in a horizontal plane at 4 micra and 
stained with a modified azocarmine stain (Briseno-Castrejon and Finerty, 
1949). In this method the nuclei were pre-stained by a short immersion in 
alum hematoxylin. This was followed by mordanting in aniline alcohol and 
a 45 minute period in azocarmine solution at'CO'^C. The counterstains, acid 
green and orange G, were dissolved in clove oil to avoid destaining of the 
azocarmine. After the above staining, acidophilic granules are purplish red; 
basophile granules hre li^ht green; nuclear membranes are sharplj’- defined; 
mitochondria are orange-red; red blood cells are brilliant orange; Golgi ap- 
paratus shows as a negative image in both types of chromophiles; and chro- 
mophobes show little or no cj'-toplasm, which is colorless to pale green. 

Quantitative determinations of the percentages of each cell type were 
made bj'- differentiall}^ counting all the cells in eveiy fifth field of three hori- 
zontal sections at equidistant levels in each gland. Approximately 3000 cells 
were counted in each gland. 

RESULTS AND DISCUSSION 

The consistent responses to unilateral adrenalectomy are compen- 
satory hypertrophy of the remaining adrenal gland and increased 
percentage of'acidophiles in the anterior hypophysis, as is shown in 
the summarized results in Table 1. 

In all cases of unilateral adrenalectomy, compensatory hyper- 
trophy of the remaining adrenal gland occurred. Using the mean 
weight of the right adrenal glands of the unoperated control rats as 
a base line, the percentage of absolute hypertrophj'- was calculated. 
There seems to be no consistent pattern of progressive hypertrophy, 
except that those rats exposed to the additional stress of a continual 
cold en\dr6nment exhibit considerably more adrenal growth. "i^Tien 
the basis of proportion of adrenal w^eight to body weight is considered, 
the Itypertrophy is of a greater degree, especially in the cold-exposed 
rats, in which there is a greater absolute hypertrophy of the adrenal 
gland, which is accompanied by a lower body iveight than in those 
kept at room temperature. 

Since the adrenal glands appear to respond to the administration 
of various forms of stress only through the mediation of pituitary 
adrenotropliic activity'- (Sayers, Sayers and Woodbury, 1948) it maj^ 

. be assumed that the compensatory hjqjertrophj' is a result of increased 
pituitarj’- secretion. This assumption is substantiated bj^ the changes 
which are shown in the percentages of cell tyqies in the anterior hj'poph- 
j'sis. In those rats which have been subjected to relative reduction 
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of circulating adrenal cortical hormones and are undergoing height- 
ened adrenal stimulation, there is a significant increase in the per-' 
centage of acidophilic cells. Superficial examination of the hypophysis 
in unilaterally adrenalectomized rats in some cases conveys the im- 
pression that the number of basophiles has increased. However, de- 
tailed quantitative analysis demonstrates that there is an unequivocal 
augmentation in number of acidophiles balanced by a corresponding 
decrease in chromophobes. The apparent increase in percentage of 


Table 1. The Effect of Unilateral Adeenalectoiuy and Exposure to Low 
Temperature on the Percentage of Cell Types in the Pituitary 
Glands of Immature Male Rats 



Days 

After 

Operation 

No. of 
Rats 

Rt. 

Adrenal 

Wt. 

(mg-) 

Adrenal 
Hyper- 
Trophy* 
% - 

Pituitary Cell Type 
Analysis 

% .% % 
Acid Baso Chrom. 

Control 


5 

12.1 


41.7 

7.6 

50.3 

Operated (26°C.) 

5 

5 

15.5 

28 

47.4 

7.3 

45.3 

Operated (S.6°C.) 


5 

19.6 

62 

47.0 

6.8 

46.2 

Control 


5 

15.0 


39.7- 

8.0 

52.3 

Operated (26°C.) 

10 

5 

20.0 

33 

49.9 

8.4 

41.7 

Operated (5.6°C.) 


5 

21.1 

41 

51.8 

6.7 

41.5 

Control 


25 

16.4 


37.4 

7.5 

55.3 

Operated (26°C.) 

15 

25 

19.8 

21 

49.2 

7.5 

43.3 

Operated (S-G^C.) 


25 

21.7 

32 

49.6 

6.8 

43.6 

Control 


5 

16.1 


37.9 

7-.4 

54.7 

Operated (26°C.) 

25 

5 

19.7 

22 

53.7 

7.8 

38.5 

Operated (5.6°C.) 


5 

26.2 

63 

51.6 

8.1 

40.3. 


1 The percentage of hypertrophy is calculated by using the mean weight of theright 
adrenal glands of the control rats as the basis for comparison. 


basophiles in certain instances is due to their greater variability and 
to possible decrease in size of individual acidophiles. Statistical 
analysis of the percentages of acidophiles in the twenty-five control 
rats of the group studied fifteen days following operation shows a 
mean percentage of 37.4 ±.52.* Similar analysis of the twenty-five 
unilaterally adrenalectomized rats kept at room temperature shows a 
mean of 49.2 per cent ±.78. The twenty-five unilaterally adrenal- 
ectomized rats kept at 5.6° C. show a mean of 49.6 per cent ±.61. It 
appears that at 5 days following removal of one adrenal gland the 
changes in pituitary cell types have not reached a maximum, but that 
there is little progressive change after the 10 day period. The higher 
percentage in the 25 day group is diflicult to interpret but is consist- 
ent in that none of the rats in this series had an acidophile count be- 
low 50 per cent. Experiments are now in progress to determine if, and 
when, the pituitary cytologic pattern returns to a normal level follow- 
ing the restoration of adrenal cortical function by the hypertrophied 
gland. 


- Standard error. 
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A graphic presentation of the variability of acidoploile cell per- 
centages to demonstrate better the consistency of the data is shown 
in Figure 1. The 15 day series is shown in which there were 25 rats in- 
each of the three groups. The I'ats are classified into four-percentile 
groups: all those with acidophile percentages between 32-35.9; 
36-39.9; 40-43.9; etc. are placed in separate columns. It can be seen 
that the distribution of the control rat percentages (black columns) is 


15 


S 10 

t6 

K 

U 

O 

o 

* 5 


35.9 39.9 43.9 47.9 51.9 55.9 

Peroentago of Pituitary Acldophilea 

Fig. 1. Histogram to demonstrate graphically the frequency distribution of the 
percentages of acidophilic cells in the pituitary glands of untreated 46 day old male 
rats (black columns); 46 day old male rats which had been unilaterally adrenalecto- 
mized 15 days previously and kept at laboratory temperature (hatched columns); and 
46 daj' old male rats which had been unilaterally adrenalectomized 15 days previousl}' 
and kept in a cold room at S.O'C. (white columns). The abscissa is subdivided into six- 
successive groups of 4 per cent increments, into which are projected the number of 
rats haidng an acidophile count within each group. Note that the control rats show the 
greatest frequency between 36.0 and 39.9 per cent, whereas the adrenalectomized 
groups cluster about the 48.0 to 51.9 percentage group. 

concentrated around the 36-39.9 group; the percentages with greatest 
frequencs'- in the experimental groups are in the 48-51.9 group. 

The basophile cells are the least numerous, ranging from 5.7 to 
9.3 per cent in the control animals; from 5.1 to 9.2 per cent in the 
experimental rats at room temperature; and from 5.3 to 9.7 per cent 
in the experimental rats exposed to cold. The mean percentages in 
each group, however, show no effect of the adrenalectomy on the 
basopliiles (Table 1). 

No weight or volumetric estimations of the hjqiophysis were 
made at autops}’’ so as to avoid.post mortem changes before fixation. 
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Micrometric measurements of every tenth serial section, however, 
demonstrate that the hypophyses of the rats exposed to cold were 
larger than those of animals (control, or adrenalectomized) kept at 
room temperature. This change was in the anterior lobe, since the 
pars intermedia and pars nervosa maintained a uniform size. This is 
in accordance with the observations made by Baillif (1938). Histo- 
logical observations of the hypophyses of rats exposed to cold also 
confirm his findings that enlargement of the anterior lobe is due to 
increase in size of blood sinusoids, more numerous colloid vesicles and 
possible increase in size of basophiles. Extreme disintegration of the 
anterior lobe observed by Baillif (1938) under severe exposure to cold 
was not noted under the present experimental conditions, nor was 
cellular disintegration evident. Although no specific counts of mitotic 
index -were made, more mitoses seemed to be present in the rats ex- 
posed to cold. 

The weight of the thymus and of the testes, was slightly reduced 
in the rats of the experimental groups, but when the weights of these 
organs is considered in relation to body weight it appears to be de- 
pendent upon the weight of the animal rather than upon the experi- 
mental procedures. The weight of the thyroid gland was unchanged 
which may indicate a slight hypertrophy in the experimental groups. 

Much of the current knowledge concerning histological changes 
in the anterior lobe of the hj^jophysis produced by alteration in 
relationship between hypophysis and adrenal cortex is based on 
studies of the pituitary gland "in Addison’s disease, in bilaterally 
adrenalectomized animals, and to some extent in acromegaly. The 
sustentative data which are possible under controlled conditions of 
unilateral adrenalectomy have been ignored. In the hi^topathology of 
Addison’s disease there is almojst unanimous agreement in regarding 
the basophiles as the characteristic cells involved, even though the 
same authors describe similar alterations in the acidoplriles; viz., a 
decrease in number of cells, indistinct and irregular cell borders, -sparse 
cytoplasmic granulation and pyknotic nuclei. Histological evidence 
derived from the study of the anterior lobe after complete ablation of 
the adrenals has also produced contradictory and confusing results. 
Shumaker and Firor (1934) in describing the pars distalis of a bilater- 
ally adrenalectomized dog, 128 days after operation, concluded, that 
basophilic alterations, similar to those found in Addison’s disease, are 
characteristic after complete removal of suprarenal glands. The results . 
of Reese, Koneff and Akimoto (1939) algo agree with this conclusion. 
Acromegaly is associated with hyperfunction of the pituitary gland 
and is characterized by acidophilic hyperplasia, br adenoma, accom- 
panied by hyperplasia of the adrenal cortex. If the acidophilic hyper- 
activity brings about hyperplasia of the suprarenal tissue, this 
condition may be indicative that the adrenocorticotrophic principle 
is secreted by the acidophiles. 
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Thus, we have two opposite interpretations of the source of adreno- 
corticotrophih, obtained by different niethods. From cUnical obser- 
vations in Addison’s disease, the basophiles seem to be most involved 
(although they are described as showing degenerative effects); in 
acromegaly there is adrenal enlargement associated with acidophile 
hyperplasia. Experimentally bilateral adrenalectomy evokes degener- 
ative changes in acidophiles and basophiles, whereas unilateral 
adrenalectomy produces acidophile predominance. The findings in 
acromegaly, as in Addison’s disease or in bilateral adrenalectomy, 
may be the result of severe metabolic imbalance. Another possibility 
to explain these divergent findings, however, is that the presence of 
some normally functioning adrenal tissue is required for proper 
functioning of pituitary-adrenal interaction. 

Since increased adrenotrophic activity, as indicated bj’" adrenal 
hj^iertrophy, results from diminished adrenal cortical tissue, it has 
been suggested that reduction in circulating adrenal cortical hormone 
is the stimulus for pituitary adrenotrophic activity. Sayers and Sayers 
(1947) subjected adult male' rats to various forms of stress for one 
hour and found that each tj^pe of stress produced an increase in 
adrenocorticotrophic acti^dty, as determined by reduction in ascorbic 
acid content of the adrenal glands. Injection of appropriate amounts 
of cortical hormone prevented this hypersecretion. They conclude 
that, “the anterior pituitary elaborates adrenocorticotrophic hormone 
at a rate inversely proportional to the concentration of cortical hor- 
mone (s) in the body fluids and according to the requirements of the 
peripheral tissue' cells for cortical steroids.” 

The results of the present experiments are interpreted to indicate 
that the increased adrenotrophic activity which follows reduction 
in circulating adrenal cortical hormone(s) is mediated by an increase 
in the number and activity of the acidophilic cells of the hypophysis, 
and that the source of adrenocorticotrophin is the acidophiles. 

SUMMARY 

Unilateral adrenalectomy of immature male rats, results in com- 
pensatory hypertrophy of the remaining adrenal gland and a marked 
increase in percentage of acidophilic cells in the anterior hypophysis. 
When unilaterally adrenalectomized rats are subjected to lowered 
environmental temperatures these changes are 'accentuated. It is 
beheved that reduction in circulating adrenal hormone, either by 
. removal of adrenal tissue, or by stress, stimulates an increase in num- 
ber of pituitary acidophiles, and that these cells secrete adreno- 
corticotrophic hormone. 
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THE EFFECT OF HYPNOTICS ON BLOOD SUGAR 
AND ON THE ACTION OF INSULIN' 
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Department of Pharmacology, Temple University School of Medicine 

PHILADELPHIA, PA.* 

Thb effect of barbiturates or morphine upon the blood sugar 
level has been the subject of several investigations but an examination 
of the results reported does not lead to convincing conclusions as will 
be evident from the following brief r4sume. 

Barbital sodium, as reported by Ellis and Barlow (1924), lowered 
the blood sugar in both cats and pigeons. Weiss (1926) has reported 
that barbital caused a marked initial rise in blood sugar in the cat and 
dog which is followed by a gradual fall. Jackson (1931) reported that 
in rabbits, barbital sodium retards the hj^ioglycemia produced by 
insulin. Murphy and Young (1932) have reported that pentobarbital 
and other barbiturates produced an increase in blood sugar in cats. 
Jarman and Abel (1933) reported that evipal sodium in humans 
produced no alteration in blood sugar. Hemingway et al. (1934) 
found that pentobarbital in the dog caused a slight increase in blood 
sugar. Goodman and Gilman (1941a) state “The response of the blood 
sugar to medication with the barbiturates varies considerably.’^ La 
Barre and Vesselovsky (1942) reported that barbital sodium in dogs 
caused a fleeting rise in blood sugar. 

Morphine, according to Ross (1918), caused a marked hyper- 
glycemia in the dog. SteAvart and Rogoff (1922a) report that morphine 
causes a marked hj^ierglycemia in the cat with lesser effects in the 
rabbit and dog. Bodo et al. (1938) reported that in adrenal-inactivated 
dogs and cats, morphine liberates sympathin which causes a slight 
hjTierglycemia. Goodman and Gilman (1941b) state “The hypergly- 
cemia noted after morphine in animals is inconstant.” Meperidine 
hydrochloride causes a slight increase in the blood sugar of rabbits 
(Barlow, 1947). 

Due to the lack of harmony of these reports, further investigation 
of the effect of these drugs on the blood sugar level is suggested. Since 
few of the previous investigators have been concerned with any effect 
of these drugs on the hj^poglycemic action of insulin, this phase will 
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be included in the present study. Since albino rats have a relatively 
constant blood sugar (Cole and Harned, 1938), they were chosen as 
the experimental animals. 

METHODS 

Albino male rats, of the Wistar strain waiying in weight from 160 to 350 
grams, free from gross evidence of disease, were maintained on a commercial 
food (considered complete) supplemented by daily feeding with milk, whole 
wheat bread and lettuce. These animals also were given a few drops of fish 
oiP about eveiy ten days. All food was removed from the cages 15-17 hours 
before each test began. In order to facilitate the securing of blood samples, 
the animals were placed in individual cylindrical wire cages with the tails 
protruding. The animals during the experimental procedures were kept at- 
the temperature designated in Tables 1, 2, 3 & 4. Blood samples were ob- 
tained by amputating a thin segment of the tail with sharp scissors and then 
gently stroking the tail between the fingers, the blood being drawn into a 
glass capsule containing potassium oxalate. The blood sugar values were 
determined, after deproteinization (Somogyi, 1930), by either the method of 
Shaffer and Somogyi (1933) or Somogyi (1937). After taking the first sample 
which is designated “control,” the drugs were injected and four more samples 
Avere obtained at successive one-hour intervals. The insulin injections were 
made subcutaneously and the other drugs were injected intraperitoneally. 
All injections were made aseptically. The doses mentioned are either units 
(U.) or milligrams (mg.) of the drugs per kilogram (kg.) of body weight. No 
animal. was used without an interval of at least ten days elapsing betAveen 
individual experiments. 

RESULTS 

From the average control blood sugars presented in Tables 1, 3 
and 4, it is evident that these values are- relatiA^ely constant. There is 
also no significant change in the average blood sugar level in the nor- 
mal groups over a period of five hours. 

Morphine sulfate, at a Ioav dose level (12 mg. Table 1, Group'B) 
had no effect on the blood sugar level except a questionable slight 
increase at the end of hour 2. With the 25 mg. dose (Table 1, Group C) 
the aA^erage blood sugar level at the end of one hour is normal, but 
there Avere marked variations in the individual values. Since hyper- 
glycemia'* occurred in only 1 case in the 2, 3 or 4 hour blood sample 
Avith several cases of hypoglycemia,® the averages are below normal. 
In the 50 mg. group (Table 1, Group D) the highest recorded blood 
sugar average (82.2) was reached at the end of one hour as a result 
of 4 animals showing a hyperglycemia despite the fact that 5 animals 

’ A''itamin A and D content equal to Cod Liver Oil U.S.P. XIII. 

^ Individual blood sugar values above 95 mg. per 100 cc. are considered hyper- 
glj'cemic because the methods used show only “true sugar” and also the animals have 
been fasted for 15-17 hours which produced normal values of an average range from 
63.7-71.5 mg. per 100 cc. 

® Individual blood sugar values below 45 mg. per 100 cc. arc considered hypo- 
glycemic. 
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Table 1. The Effects of Insulin on Blood Sugah as Influenced by Hypnotics 

The average blood sugar values are expressed as mg. per 100 cc. The number of 
hj'perglycemias are designated + and the hypoglycemias — . The animals were kept ina 
box maintained at 29°C. ±1° during the experimental procedure. The drugs were in- 
jected just after the control sample was obtained. The number of animals that died from 
this dose before the one hour sample was obtained is designated thus *. These am'mals 
were replaced to complete a group of ten in each case. 


Group 

Experimental 

Con- 

Hour 

1 Addenda 

Condition 

trol 

1 

2 

3 

-4 

A 

Normal Group 

67.8 

65.8 

67.6 

68.2 

62.4 


B 

Morphine Sulfate 

12 mg. 

70.5 

73.4 

81.5 

74.8 

69.1 

1 

i 

C 

Morphine Sulfate 

25 mg. 

64.6 

65.0 

59.9 

60.4 

57.9 

1 »2, +4, -11, 1 

1 death each during 
hr. 1, 2 & 3 

D 

Morphine Sulfate 

SO mg. 

67.8 

82.2 

60.5 

69.0 

68.1 

*1, -1-7, —9, 1 death 
during hr. 1 & 3 
during hr. 2 

E 

Barbital Sodium 

100 mg. 

67.9 

64.3 

57.9 

60.8 

60.4 

-1 

F 

Barbital Sodium 

200 mg. 

71.2 

76.1 

66.3 

65.3 

67.4 

—1, I death during 
hr. 3 

G 

Insulin 1 U. 

66.3 

1 

21.3 

18.7 

24.6 

36.1 

—32, 2 deaths dur- 
ing hr. 3 & 1 during 
hr. 4 

H * 

i 

Morphine Sulfate 

12 mg. & 

Insulin 1 U. 

64.9 

1 20.4 

1 

14,8 

25.3 

38.2 

i -37 

! 

1 

I 

Morphine Sulfate 
25 mg. & 

Insulin 1 U. 

67.5 

22.2 

i 

6.1 

i 

12.3 

17.9 

•1, —26, 3 deaths, 
1 during hr. 1 & 2 
during hr. 2 

J 

Morphine Sulfate 
50 mg. & 

Insulin 1 U. 

64.6 

27,9 

14.2 

8.1 

17.6 i 

*1, —26, 6 deaths, 
1 during hr. 2 & 5 
during hr. 3 

K 

Barbital Sodium 

100 mg. & 

Insulin 1 U. 

igi 

22.8 

22.9 

23.2 

24.4 

-38 

L 

Barbital Sodium 
200 mg. & 

Insulin 1 U. 

68.4 

32.0 

26.3 

32.4 

38.9 

—28. 3 deaths, 2 
during hr. 2 & 1 
during hr. 3 


had a h 3 Tpogl 3 ''cemia. There were seA'^en deaths in Groups C and D, 
apparentlj'- from respiratory paralj^sis.® Barbital sodium, 100 or 200 
mg, slightty depressed the average blood sugar levels except in one 
case (Table 1, Groups E and F). One unit of insulin, as would be ex- 
pected, lowered the blood sugar to hypoglycemic leA’-els and even 

® The blood sugars of these dead animals, in nearly every instance, were decidedly 
hypoglycemic but they were not included in the average for that hour because the 
samples had to be obtained from the heart whereas the other samples were obtained 
from the tail. 








































































304 


LARSON 


Volume 44 


caused the death of three animals (Table 1, Group G). The effect of 
12 mg. of morphine sulfate (Table 1, Group H) on the hypoglycemic 
effect of one unit of insulin did not seem significant but there were no 
deaths in this group. In larger doses (25 and 50 mg.) morphine sulfate 
(Table 1, Groups I and J) accentuated the hypoglycemic action 
of insulin except in two instances (both Hour 1). Three of the 10 
animals which received insuhn and 25 mg. of morphine sulfate died 
and also 6 of the 10 receiving insulin and 50 mg. of morphine sulfate 
died. The hypoglycemic action of insulin was not altered significantlj’’ 
by 100 mg. of barbital sodium (Table 1, Group K) but the 200 mg. dose 
(Table 1, Group L) did have an antagonistic action. Though the hypo- 
glycemic action was not opposed by the 100 mg. dose there were no 
deaths in this group as compared with three in each of the other two 
groups (Table 1, Groups G and L). . 

Table 2. Effect of Morphine Sulfate on Rectal Temperature - 
AT Different Environmental Temperatures i 

Average temperatures of four groups of ten rats each, previously fasted for 15-17 
hours. Groups A and B kept at room temperature, 20.2°C., throughout and Groups C 
and D kept in cabinet at 20.3°C. for hours 0 & 1 and thereafter at 29°C. ± 1°. 


Group 

Hour 

Addenda 

0 

1 

2 , 

3 ! 

4 

5 

6 

A 

37.1 j 

36.8 


36.6 

36.4 

36.4 

36;3 

. 

B 



Morphine Sulfate 
25 mg. 

35.2 

34.6 



No deaths 

C 

37.3 

37.3 

No Injection 

37.4 

37.4 

37.6 

37.6 


D 

37.6 

37.4 

Morphine Sulfate 
25 mg. 

36.8 

36.3 

37.0 

38.0 

1 

3 deaths 


Because of the deaths reported in Table 1 when the animals were 
maintained at 29° C., it seemed advisable to repeat the experiments 
with morphine at the 25 mg. dose level with a part of the animals 
maintained at room temperature (20.2° C.) and others at 29° C. When 
given 25 mg. of morphine sulfate, the group (B) kept at room temper- 
ature showed a definite decrea'Se in body temperature whereas the 
group (D) kept at 29° C. showed only a slight change. It should be 
noted, however, that in Group D, 3 of the 10 rats died during the four 
hours following the injection of morphine. 

Since the increased environmental temperature augmented the 
toxicity of morphine, the succeeding experiments summarized in 
Tables 3 and 4, were performed with only the taih being warmed to 
facilitate securing of blood samples. The blood sugar values of the 
corresponding normal Groups A of Tables 1 and 3 are as close as could 
be expected from two different groups of rats. 

The average blood sugar level is not changed significantly (Table 
3) by pentobarbital sodium (Groups B and G), evipal sodium (Group 
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to depress the blood sugar level in some instances and several of the 
rats died, presumably from depression of the respiratory center.® 
Since the peripheral tissues are constantly removing sugar from the 
blood (Sqskin and Levine, 1946a) the glucose content of the tail blood 
of a moribund rat with a poor circulation from large doses of morphine 
could be expected to be low. Ingle (1945) in his review has reported 
that in fasted rats, rapidly induced anoxia causes an initial hyper- 
glycemia which is followed by a hypoglycemia. Van Middlesworth 
et al. (1944) have found that anoxia in fasted rats causes hypoglycemia. 
Considering these reports, the depressed respiration (with a con- 
comitant anoxia) due to large doses of morphine sulfate, could be a 
factor in the hypoglycemias observed in the present experiments. 
In some individual instances a few of the blood sugars were high 
enough (Table 1, Groups C and D, Table 3, Groups K and L) to ac- 
count for the high averages in spite of some very low values. The urine 
of the rats dying from overdosage was tested for glucose in nearly 
every instance and found to be negative, evidently the hyperglycemia 
in these animals had not been high enough to exceed the renal thresh- 
old. From their results Feldman et al. (1940) believe that morphine 
acts on both sympathetic and parasympathetic centers to produce 
either hyperglycemia or hypoglycemia. This explanation may be 
applicable to the variations observed in the present investigation. 

Barbital was reported by Ellis and Barlow (1924) to produce hypo- 
glycemia whereas Weiss (1926) and La Barre and Vesselovsky (1942) 
have reported that barbital causes hyperglycemia. In the present 
study, barbital sodium in the rat (Tables 1 and 3) tended to lower the 
blood sugar in most instances. With a dose of 200 mg., barbital sodium 
depressed the rats markedly, causihg death in five of twenty animals 
(Group F, Tables 1 and 3). 

Evipal sodium does not alter the blood sugar level of man (Jarman 
and Abel, 1933) or of the rabbit and guinea pig (Kennedy and Nara- 
yana, 1934). In the present study using the rat, evipal also showed no 
effect on the blood sugar level. 

Pentobarbital causes hyperglycemia in dogs (Hemingway et al., 
1934) and cats (Smith et al., 1948) but in mice Heistand et al., 1947) 
and rabbits (Blackberg and Hrubetz, 1936) hypoglycemia is produced. 
In the present investigation, no significant changes due to pentobarbi- 
tal were noted in the average blood sugar level in the rat. 

Morphine sulfate in small doses (12 mg. Tables 1 and 4) does not 
seem to have any decided effect on the hypoglycemic effect of insulin. 
However, there were no deaths in Group H, Table 1, as compared with 
three deaths in Group G, Table 1, which received only insulin. That 
morphine in this dosage had an antagonistic action to the hypogly- 
cemic effect of insulin was reported by the author (Larson, 1945) in a 
preliminary corhmunication after doing most of the experiments re- 
ported in Table 1 but not those of Table 4. After repeating some of the 
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early experiments and having completed those of Table 4, the author 
feels that his previous conclusion was not completely warranted. At a 
higher dose level (25 and 50 mg.), morphine sulfate was found in the 
present study to have an additive effect on the hypoglycemia pro- 
duced by insulin. This is shown by the low blood sugars, especially at 
the third and fourth hours as compared with those of the animals 
receiving insulin only. This retardation in the recovery of the blood 
sugar level by morphine is comparable to the effects of phenobarbital 
sodium observed by Johlin (1947) and probably is due to depression 
of the antagonistic factors (Bouckaret and Duve, 1947) to hypogly- 
cemia. In these four groups receiving 25 and 50 mg, morphine sulfate, 
ten animals died and two were prostrated. This accentuated toxicity 
of morphine-insulin combination might have been expected since 
Seevers and Shideman (1941) reported that morphine decreased the 
oxygen uptake by the cerebrum. Quastel (1939) has concluded that 
narcotics, produce an anoxemia in those parts of the central nervous 
system which they affect and this would interfere with oxidation of 
glucose (already present in a lowered concentration) which is indispen- 
sable for the maintenance of the functional integrity of the nervous 
system (Soskin and Levine, 1946b). That morphine sulfate, causing 
an anoxia by respiratory depression, could increase the hypoglycemic 
^effect of insulin at hours 2, 3 and 4 might have been expected since 
Gellhorn and Packer (1940) have reported that short periods of 
anoxia act antagonistically to insulin whereas longer periods (2 hrs.) 
aggravated the hypoglycemia. Similar conclusions have been drawn 
by Van Liere (1942) . This depression of respiration by morphine might 
intensify the respiratory action of insulin since Voegtlin et al. (1924) 
have shown that insulin in the rat causes pulmonary edema and may 
cause death by respiratory failure. Lundback (1944) later has reported 
that insulin lowers the sensitivity of the respiratory center. 

Following the injection of barbital sodium (Groups K and L, 
Table 1, and Groups E and F, Tabled), pentobarbital sodium (Groups 
E and F, Table 4), pentobarbital sodium (Groups B and C, Table 4) 
or evipal sodium (Group D, Table 4), the hypoglj'^cemic effect of 
insulin in nearly every instance was the same or slightly less than dur- 
ing the corresponding periods with insulin alone. It also should be 
noted that in the group (Group K, Table 1) receiving 100 mg. barbital 
sodium plus insulin there were no deaths whereas in the group (Group 
G, Table 1) which received the same dose of insulin without the barbi- 
turate, 3 of the 10 animals died. This protective action of barbital 
sodium in the rat is similar to the resultspf Jackson (1931) who found 
that barbital sodium in rabbits tended to suppress convulsions and 
deaths due to insulin. Confirmatory evidence of this anticomoilsive 
action of barbital sodium has been reported (Nakajima, 1938; An- 
dreeva, 1947) and also denied (Okumura, 1939). The depression of 
metabolism by large doses of barbiturates (Goodman and Gilman, 
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1941a) would require less glucose for combustion, thereby permitting 
a higher blood level. This would also be consistent with the view that 
narcotics in general inhibit oxidation of glucose in the brain (Quastel, 
1939) and also the findings of Handley et al. (1941) that pentobarbital 
reduces the glucose uptake by the brain. In rabbits, Jackson (1931), 
who used doses varying from 25 to 150 mg. of barbital sodium, found 
that the -100 mg. dose had the maximum antihyp oglycemic effect 
toward insulin. Since anesthesia with the barbiturates does not alter 
the insulin content of the pancreas (Haist, 1944), it would seem that 
any blood sugar effects are extra-pancreatic. 

Meperidine hydrochloride, in rabbits receiving a 10 mg. dose, has 
no effect on the blood sugar level but 20 mg. causes a slight decrease 
(Barlow, 1947). The action of meperidine hydrochloride in slightly 
increasing the hypoglycemic action of insulin (Group H, Table 4) 
might be expected from the action in the normal rat (Group H, Table 
3) and also the tendency for the antihypoglycemic action (Group I, 
Table 4) could be anticipated from the slightly increased blood sugar 
level (Group I, Table 3). This action of meperidine can be compared to 
the biphasic action of morphine on the central nervous system (Hazel- 
ton and Koppanyi, 1941). The effect of meperidine hydrochloride in 
producing variations, both hypoglycemia and hyperglycemia in the 
blood sugar level, was similar to that of morphine sulfate. Since 
meperidine does not influence the uptake of oxygen by the brain 
(Elliott et al., 1947), these effects cannot be explained in a manner 
similar to that proposed previously for the action of morphine. The 
S-shaped tail reaction, as reported previously by Gruber et al, (1941) 
for meperidine, was observed. 

The normal rectal temperature of the rat' has been reported vari- 
ously from 36.7° C. (Herrington, 1940) to 37.27° C. (Hill, 1947). The 
temperatures observed in this investigation (Tables 2, 3 and 4) agree 
with the latter report. The general statement (Goodman and Gilman, 
1941b; Sollmann, 1948a) that morphine decreases the body temper- 
ature is true of most reports except in the cat (Stewart and Rogoff, 
1922b) and the rat (Herrmann, 1941) in which hyperthermia has been 
reported. In the present investigation from the average teniperatures 
of 40 animals, there was a fall in body temperature produced by the 
25 or 50 mg. dose of morphine sulfate (Tables 2 and 3).. Morphine 
sulfate showed a greater toxicity due to the higher environmental 
temperature (deaths in Tables 1 and 2 compared with Table 3). Chen 
et al, (1943) have reported an increase in toxicity for certain other 
drugs when the environmental temperature was increased. 

Barbital sodium, pentobarbital sodium and evipal sodium have 
been reported by previous investigators (Kennedy and Narayana, 
1934; Sollmann, 1948b) to lower the body temperature and this effect 
was observed in the present experiments (Table 3). Meperidine hydro- 



April, 1949 HYPNOTICS AND INSULIN ON BLOOD SUGAR 


311 


chloride (Table 3) also lowered the 'body temperature of the rat, 
presumablj'- bj’- central depression. 

The body temperature of mice was decreased by insulin (Dudley 
et ah, 1923) and this effect in the rat was observed to a slight degree 
(Table 4) in this investigation though Visscher and Green (1925) have 
reported no uniformity of change in rabbits. As previously reported 
(Voegjtlin and Dunn, 1923: Chen et ah, 1943; Johlin, 1944), insulin 
in the present experiments caused a greater hj^poglyeemic effect in 
the warmer environment (Group G, Table 1; Group A, Table 4). If 
Fuhrman’s (1946) 'hj^iothesis that increasing the temperature in- 
creases the enzymatic inactivation of drugs, it would seem that the 
inactivation of insulin by the tissues is not enzymatic in nature but 
that the action of insulin is enzymatic as suggested by Soskin and 
Levine (1946c). 

No adequate explanation can be offered for an effect greater than 
summation on temperature depression of evipal sodium, meperidine 
hydrochloride or morpliine sulfate in combination with insulin nor for 
an effect less than summation when insulin was combined with pento- 
barbital sodium or barbital sodium. 

CONCLUSIONS - 

Moiphine sulfate in small doses (12 mg. per kg.) has no effect on 
the blood sugar level but larger doses (25 or 50 mg.) may produce 
either a definite hj^ioglycemia or hyperglycemia. 

Moi-phine sulfate in small doses (12 mg. per kg.) does not affect 
the hypoglycemic action of insulin but larger does (25 or 50 mg.) 
prolong the hj'poglycemic action. 

Barbital sodium (100 to 200 mg. per kg.), pentobarbital sodium 
(25 mg. or 35 mg. per kg.) or evipal sodium (100 mg. per kg.) do not 
affect the blood sugar level of the normal animal but slightly decrease 
the hypoglj'-cemic effect of insulin. 

Meperidine hydrochloride (demerol hydrochloride), 15 mg. per kg. 
had no effect on either the blood sugar level of the normal animal or 
of the animal receiving insulin. Meperidine hydrochloride 30 mg. per 
kg., slightly depressed the blood sugar level of the normal rat and also 
of the animals receiving insulin. Meperidine hydrochloride, 50 mg. 
per kg., increased the blood sugar level of both the normal animals 
and of those receiving insulin. 

All the drugs used : barbital sodium, pentobarbital sodium, evipal 
sodium, morphine sulfate, meperidine hydrochloride or insulin, 
depressed the rectal temperature. 
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THE EFFECT OF ADRENALECTOMY ON THE 
RENAL TUBULAR REABSORPTION OF 
WATER IN THE RAT' ' 

WILLIAM D. LOTSPEICH 

From the Department of Physiology, Syracuse University, College of Medicine 

SYRACUSE, NEW YORK 

It is well known that the adrenal insufficient animal excretes 
a given dose of water at a slower rate than the normal (Gaunt, 
1946). The purpose of the present paper is to present data which- 
indicate that the basis for this deficiency in water excretion is an 
increased reabsorption of water by the renal tubules in the absence of 
the adrenal cortical hormones, 

MATERIALS AND METHODS 

Three groups of Sprague-Dawley female rats were used; 12 ad libitum fed 
controls, 11 adrenalectomized and _6 pair-fed controls. The rats weighed from 
200-250 grams and were fed GLF “calf meal.” The pair-fed controls were 
started a day following the operated animals, and received only as much 
ration as the latter had eaten in the previous 24 hr. period. Thus anj'- effects 
of post-operative inanition were eliminated in interpreting the results. Fol- 
lowing adrenalectomy the operated rats were given 1% sodium chloride to 
drink and were not 'used for at least two weeks, bj’-- which time they had 
completely recovered from the operation. Daily records of body weight were 
kept on all animals. The completeness of adrenalectomy was established by 
the death of all animals within one week after withdrawal of salt. 

The creatinine clearance was used as a measure of the rate of glomerular 
filtration, the technique being modified from Friedman, Polley and Friedman 
(1947) and Stevenson (1947). A single subcutaneous injection of 5 per cent 
creatinine was given in amounts of 0.5 ml. per 100 grams of rat. It was found 
- that with this procedure the plasma creatinine at the end of 30 minutes was 
about 20 mgm. % and remained constant at that level over the following 
30 minutes. This fact justified the use of a terminal blood sample in the de- 
termination of -the creatinine clearance and eliminated the depressive effects 
of tail cutting as pointed out by Lippman (1948). Accordingly after a 12 hr. 
fast the rats were given creatinine by subcutaneous injection and 5 ml. water 
by stomach tube. Thirty minutes later the bladder was emptied manually 
by suprapubic pressure and a 30 minute collection period begun. Urine col- 
lection was made with the rats in large funnels. At the end of the period the 
bladder was emptied into the funnel, the sides of which were Avashed with 
distilled Avater and the washings added to the original urine. Plasma and 

ReceiA^ed for publication September 17, 1948. ^ ■ 
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urine samples were then analyzed for creatinine content. The creatinine 
clearances obtained by this method agree more closely with recentl 3 >- pub- 
lished values (Lippman, 1948; Corcoran, Masson, Renting and Page, 1948) 
than with previous observations (Friedman and Livingston, 1942; Dicker 
and Heller, 1945) which were lower. 

RESULTS 

In Table 1 are presented the mean values for the several observa- 
tions made on each group of animals. In order for two groups of obser- 
vations to be significantly different, the difference between their means 
had to be greater than tliree times the standard error of the difference. 
By this criterion the rates of glomerular filtration were not different 
in the three groups, but the urine flow of the adrenalectomized group 
was significantly lower than that of either control group. 


Table 1. Summary of Experiments on the Rate op Glomerular Filtration and 
. Urine Flow in Normal and Adrenalectomized, Salt-Maintained Rats 


Groups 

Number 

of 

animals 

^ Body 

Weight 


1 Urine 

Flow 



Grams 

ml./100cm.*/min. 

ml./100cm.*/min. 

Ad libitum fed controls 

12 

250 ±3. 30 

.513 ±.0300 

.0111 ±.00416 

Adrenalectomized 

11 

251+4.80 

.490 +.0340 

.00620 ±.000734 

Pair fed controls 

6 

245±4.80 

.467 ±.0180 

.0135 ±.00116 


Figures are the mean of the observations in each group with the standard error. 
Surface area determined according to the Meeh formula; SA = 1 1.23 X weight*'’ 


DISCUSSION 

These data indicate that the adrenalectomized rat maintained 
on salt has a normal rate of glomerular filtration, and a decreased 
rate of water excretion which results from an increased rate of tubular 
reabsorption of water. Birnie, Jenkins, Eversole and Gaunt, (1948) 
have observed that the blood of adrenalectomized rats contains larger 
quantities of antidiuretic substance than that of normals. Since it is 
known that antidiuretic hormone acts to accelerate the tubular re- 
absorption of water, their observation might constitute an adequate 
explanation for the increased rate of tubular reabsorption of water 
reported here. In their paper these authors present a discussion of 
mechanisms involved. 

SUMMARY 

Experiments on rats have shown that the decreased capacity of the 
adrenal insufficient animal to excrete water is not necessarily due to a 
decreased rate of glomerular filtration but is rather the result of an 
increased rate of renal tubular reabsorption of water. 
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HYDROLYSIS OF CONJUGATED SULFATES OF 
ESTROGENS BY COMMERCIAL ENZYME 
PREPARATION OF ASPERGILLUS 
' ORYZAE 

HERMAN COHEN and ROBERT W. BATES 
From the Endocrine Department of the Division of Development of 
E. R. Squibb and Sons 

NEW BRTJNSWICK, NEW JEKSET 

Most of the steroids in freshly voided urine occur as water-soluble 
esters of either sulfuric or glucuronic acid. In the past, determination 
of estrogens in urine has been based upon acid hydrolysis of the 
conjugated estrogens with subsequent extraction of the free estrogens 
by organic solvents. Van Bruggen, (1948) has recently re-evaluated 
various methods of acid hydrolysis and estimated the extent of de- 
struction of estrogens during the hydrolysis. Hydrolysis of the conju- 
gated estrogens in human urine by B. coli has been reported by Pat- 
terson (1937) to be 75 per cent as efficient as acid hydrolysis. 

It has long been known that preparations made from aspergillus 
oryzae contained a sulfatase. Neuberg et al. (1923a, 1923b, 1926) and 
Noguchi (1923) described the sulfatase activity of such extracts and 
claimed that only aromatic ethereal sulfates were subject to hydroly- 
sis by this enzyme. Dzialoszynski (1947) used such an enzyme extract, 
Clarase, to determine the ethereal sulfate content of equine urine and 
concluded that this enzyme was inhibited by the urine substrate. 
We have found, however, complete hydrolysis of the conjugated 
estrogens in mares’ urine using two different commercial enzyme 
preparations. 

Butenandt and Hofstetter (1939) emploj'-ed Takadiastase as a 
source of phenolsulfatase for hydrolysis of their sjmthetic estrone sul- 
fate in order to prove its ester linkage, but no one has reported suc- 
cessful enzyme hydrolysis of urinary conjugated estrogens. We have 
studied the hydrolysis, by phenolsulfatase preparations, of the con- 
jugated estrogens in pregnant mares’ urine and in semi-purified ex- 
tracts of the conjugated sulfates from such urine. Higher yields of 
estrogens were obtained by enzyme hydrolysis than by acid hydroly- 
sis. Since enzyme hs^drolysis is more specific than acid liydrolysis, 
much purer extracts are obtained. 
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MATEEIALS AND METHODS 

Mylase and Mylase P/ water-soluble enzyme preparations obtained from 
aspergillus oryzae, were used as a source of phenolsulfatase. 

The urine substrate was prepared by dissolving dried urine^ of pregnant 
mares in water. A stable source, of comparable urine was thus always avail- 
able. 

The crude conjugated sulfate preparation used was prepared from the 
above powdered urine as follows: Four extractions were made using 80-90% 
acetone (2 cc./gm. of urine powder). A two phase separation occurs which 
makes decantation easy. The acetone extracts were evaporated to dryness in 
vacuo and the residue suspended in a minimal volume of Avater. The aqueous 
suspension aa^s adjusted to pH 3.0 and shaken tAvice Avith one-half volume 
of ether. Ether clears the solution and removes free estrogens, organic acids 
and other soluble compqunds. The ether-washed aqueous solution Avas ad- 
justed at once to pH 7.0 and extracted four times AA'ith one-half volumes of 
normal butanol. The butanol Avas removed in vacuo using a Megavac pump 
and a bath temperature of 50-70°C. The residue from the evaporated butanol 
extracts Avas dissolved in a small volume of water and lyophilized. .The dried 
powder (Preparation M) AAms found to contain 27.7% sulfate, 9.23% sulphur, 
4.38% ash and 1.3% of estrogen expressed as estrone. This preparation, like 
others similarly prepared, gives no precipitate Avith barium chloride until 
after slight heating in a solution more acid than pH 4.0. 

All enzyme digestions AA^ere carried out at pH G.O.to 6.4 and at a tempera- 
ture of 50°C., conditions described by Abbott (1947) as optimum for phenol- 
sulfatase. Digestions AA^ere carried out in individual tubes (usually 15 ml. 
centrifuge tubes) for each time interval in the time studies. At the end of 
the incubation period the digest Avas shaken Avith toluene to extract the free 
estrogens. The tubes Avere centrifuged and the toluene phase AA’-as removed 
and Avashed AAuth 10 per cent sodium carbonate. Only one extraction Avith 
toluene Avas made. Fluorimetric determinations ,Avere made directly on the 
toluene phase. 

The conjugates in urine poAvder Avere acid hydrolyzed by adjusting an 
aqueous solution of the poAvder to about pH 1.0 AAutli hydrochloric acid, 
covering it Avith a volume of toluene equal to that of the solution and re- 
fluxing for 2 to 3 hours. Higher values are obtained AAdien toluene is present 
during the hydrolysis than Avhen no solvent is used. In the case of Prepara- 
tion M, hydrolysis at pH 1.0 for 45 minutes Avas found to jdeld .maximum 
estrogen values. 

The estrogen content of the toluene extracts Avas determined by the 
fluorimetric method of Bates and Cohen (1947) using a 4200 A interference 
Alter as a lamp Alter and a 5200 A interference filter plus a 3387 Corning 
glass filter as photocell filters. All values were determined using estrone as a 
standard and are expressed as micrograms of estrone. 

EXPEEIMENTAL 

In order to determine the quantity of Mylase P required for com- 

* Wallerstein Laboratories, New York City. In preliminary tests Ave used success- 
fully a diastatic preparation from aspergillus oryzae obtained from Paul Lewis Labo- 
ratories, Milwaukee, Wisconsin. 
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plete hj’^drolysis of the conjugated estrogens, studies were made using 
the conjugated sulfate Preparation M as the substrate and varying 
the concentration of enzyme and the time of digestion. The results are 
presented in Figure 1. It is e'vddent that with a 2 per cent enzyme con- 
centration and after 8 hours digestion, the maximum amount of free 
estrogen obtained slightly exceeded that obtained with' acid hydroly- 
sis. During digestion there was apparently some destruction of estro- 
gens as a result of which the maximum amount of free estrogen. 


U =100 





8 16 32 64 128 256 


INCUBATION TIME- HOURS 

Fig. 1. Rate of enzyme hydrolysis of conjugated estrogen as a function of enzyme 
concentration at pH 6.0 and at .50°C. Ordinate indicates the amount of free toluene- 
soluble estrogen. 100 mg. of Preparation M. was dissolved in 5 ml. of water with 100, 
50 or 25 mg. of Mylaso P respectively in each tube. Controls containing boiled enzyme 
showed no hydrolysis even after 144 hours. 


obtained, with the lower concentrations of enzyme, was only about 
70 per cent of that with acid hydrolysis. Controls, consisting of sub- 
strate with no enzyme and of substrate plus heat-inactivated enzjune, 
show no hydrolysis even after 144 hours. 

It maj’’ be pointed out here that, in order to get as much hydrolysis 
in 24 hours with enzyme as in 1 hour with acid, the weight of Mylase 
P used has to be equal to that of Preparation INI which contained only 
1.3 per cent estrogen. Hence, the phenolsulfatase content of Mylase 
P is probablj" very small. 

Because the destruction of estrogenic material by Mylase P might 
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be due to oxidative changes, the series of tests shown in Figure 2 were 
done. A thick layer of toluene %vas placed on top of the aqueous digest. 
This served two purposes : one was to exclude air and the other was 
to remove the free estrogen from destructive action of the enzymes in 
the aqueous phase. It is obvious, from the data shown in Figure 2, 
that the toluene layer in no way inhibits the rate of digestion but does 
inhibit the destructive action. In addition, the total amount of estro- 
gen extracted by the toluene is about 20 per cent greater than that 
obtained by acid hydrolysis. The hydrolysis was not complete until 



estrogen. 10 mg. of Preparation M and 10 mg. of Mylase P were dissolved in 5 ml. of 
water in each tube. \ 

24 hours. On longer standing, evidence of destruction was again ob- 
tained. 

Further indication of the oxidative destruction of the steroid by 
the enzyme was obtained by subjecting to enzyme digestion for 18 
hours two tubes of a solution of pregnant mares’ urine powder con- 
taining 200 micrograms of estrone equivalent by acid h 3 '’drol 3 '^sis. 
Both tubes were overlaid with toluene and treated similarlj'’ except 
that air was bubbled through one. The estrogen extracted by toluene 
from the solution in the tube incubated without air was equivalent to 
220 micrograms of estrone. Only 120 micrograms, on the other hand, 
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- were extracted bj’- toluene from the tube which had air passed through 
it. 

' In Figure 3 are shown the results obtained upon incubation of a 
freshly prepared solution of pregnant mares’ urine powder with My- 
lase P, both with and without an overlay of toluene. Once again, the 
destructive process is evident in the tubes incubated without toluene, 
while some inhibition of this phenomenon is observed when the tubes 
. are kept covered with toluene. In addition, the total amount of estro- 
gen extracted by the toluene is about 30 per cent greater than that 
^ obtained bj'’ acid Itydrolysis. Controls, consisting of substrate with no 



Fig. 3. Rate and extent of hydrolysis of conjugated estrogen with and without 
toluene at pH 6.4 and SO^C. Ordinate indicates the amount of free toluene-soluble' 
estrogen. 250 mg. of urine powder and 40 mg. of Mylase P were dissolved in 5 ml. of 
water in each tube. 

enzyme and of substrate plus heat-inactivated enzyme, gave no hy- 
drolysis even after 144 hours. 

The increased rate of destruction by Mylase P of the estrogens in 
the conjugate Preparation M, as compared to the rate of destruction 
in the reconstituted urine, may' be due to the removal of protective 
substances during the purification of Preparation M'since 98 per cent 
of the solids present in the urine were removed during its preparation. 
Similar observations have been made by Smith and Smith (1941) who 
found that crystalline estrone in aqueous solution will have 50 per 
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cent of its potency destroyed by acid hydrolysis at 100°C. for 20 
minutes, while in the presence of urine such destruction does not oc- 
cur. 

Having established the effectiveness of Mylase P and the optimum 
hydrolyzing conditions, larger amounts of substrate were subjected 
to enzyme hydrolysis and then fractionated. Fractionation was car- 
ried out according to the scheme shown in Figure 4.^ 


Figure 4 

Acid or enzyme hydrolyzed urine or Preparation Mi 
extracted with toluene 


Toluene Phase 

Washed with 10 per cent NaiCOj 


Toluene Phase 
Extracted with 2 NaOH 
_! 


Aqueous Phase 
NaiCOi Washes 


Toluene Phase 
Evaporated. Residue 
is Neutral Fraction 


Aqucous Phase 
Acidined and extracted 
with ether 

Eih^ Phase Aqueou^ Phase 


Washed with 
10% NajCOj 


Discarded 



1 

Aqueous Phase 

Discarded in the case' of acid hy- 
drolysis. In the case of enzyme 
hydrolysis it was adjusted to pH 
1.0 and hydrolyzed in boiling 
water, then fractionated the same^ 
^ the original. 


Acidified and extracted 
with ether 


Ether Phase Aqueous Phase 

Evaporated. Residue Discarded 
is NajCOj Fraction 


Ether Phase 
Evaporated. Residue 
is Phenolic Fraction 


Aqueous Phase 
NajCOj Washes 


Table 1 is a coihpilation of the results obtained upon the subjec- 
tion of 1 gram of conjugated sulfate Preparation M to enzyme and 
acid hydrolysis in the presence of toluene. The superiority of enzyme 
hydrolysis over acid hydrolysis is shown; 1) by higher yield of estro- 
gen in the phenolic fraction with lower weight of non-estrogenic ma- 
terial, which means greater purity, 2) by much less color at all stages 
of fractionation and 3) by the crystalline nature of the phenolic frac- 
tion from enzyme hydrolysis. 

During acid hydrolysis, many toluene-soluble impurities are 
formed. This is indicated by the fact that acid hydrolysis of the aque- 
ous residue remaining after toluene extraction of the enzyme digest 
(Line 3, Table 1) yields fractions which, when added to the fractions 
obtained after enzyme digestion (Line 2, Table 1) give totals approxi- 
mately those obtained after only acid hydrolysis of Preparation M 
(Line 1, Table 1). The phenolic fraction is an exception. 

Table 2 presents data obtained in subjecting a freshly prepared 
solution of pregnant mares’ urine powder to enzyme hydrolysis or 
acid hydrolysis. Again the efficiency of enzyme hydrolysis is very well 
illustrated by first, a greater yield of estrogens than the yield ob- 
tained by acid hydrolysis, and second, by the smaller amount of im- 
purities obtained. In the phenolic fraction, isolated after enzyme hy- 
drolysis, 20 per cent of the weight is estrogenic material while in the 
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Table 1. Comparison op Enztme and Acid Hydrolysis op 1 Gram of Conjugated 
Estrogen Preparation M Containing An Estimated 13 mg,, of Estrogen. 

The Aqueous Phase Remaining after Enzyme Hydrolysis 
(Line 2) Was Acid Hydroly-zed (Line 3). A Layer 
of Toluene Was Present during All Digestions 


Experimental Procedure 

NaiCOj 

Fraction 

Neutral Fraction 

Phenolic Fraction . 

Weight 

Weight 

Optical 

Den- 

sity* 

Estro- 

gen 

Content 

Weight 

Optical 

Den- 

sity* 

Estro- 

gen 

Content 

Acid Hydrolysis; 

1. 1 gm. conjugate hi in 
50 ml. H.O at pH 1.3 
Refluxed 45 minutes ' 

mg. 

32.0 

mg. 

18.2 

1.3 

mg. 

0.45 

mg. 

137.0 

(tar) 

, 0*73 

1 

mg. 

11.9 

Enzyme Hydrolysis; 

2. 1 gm. conjugate M 

1 gm. Mylase P 

50 ml. HiO at pH 6.0 
-- 20 hrs. at 50° C. 

9.0 

8.0 

0.17 

0.23 

39.0 

(crys- 

tals) 

0.47 

13.0 ‘ 

Acid Hydrolysis; 

3. Aqueous phase from (2) 
Adjusted to pH 1.2 
Refluxed 50 minutes 

21.2 

12.0 

■ 

0.10 

9.5 

(tar) 

0.56 

0.25 


* Optical density at 420 mu. of a solution of the entire fraction in 25 ml. of ethanol. 


Table 2. Comparison of Enzyme and Acid Hydrolysis of One Kilo of Urine 
Powder Equivalent to About 20 Liters of Pregnant Mares’ Urine. 
The Aqueous Phase Remaining after Enzyme Hydrolysis (Line 2) 

Was Acid Hydrolyzed (Line 3). A Layer of Toluene 
Was Present during All Digestions. 


Experimental Procedure 

NajCOj Fraction 

Neutral Fraction' 

Phenolic Fraction 

Weight 

Estrogen 

Content 

1 

Weight 

1 

1 

Estrogen 

Content 

1 

Weight 

Estrogen 

Content 

Acid Hj’drolysis; 

1. 1 kilo of urine powder in 

10 liters of HiO at pH 1.0 
Reflux 3 hours 

gm. 

' 79.0 

mg. 

0 


mg. ; 

43.0 

gm. 

12.1 

mg. 

540.0 

Enzyme Hydrolysis; 

2. 1 kilo of urine powder with 
100 gm. Mylase P in 

10 liters of HiO at pH 6.2 

18 hours at 50° C. 

1.5 ] 

1 

0 

• ■ 1 

0.36 

1 

13.3 

3.25 

683.0 

Acid Hj'drolj’sis; 

3. Aqueous phase from (2). 
Adjusted to pH 1.0 
Refluxed 3 hours 

1 

73.0 

1 

0 ! 

2.80 

8.75 

5.5 

35.0 

1 

1 
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fraction isolated after acid hydrolysis, only 5 per cent of the weight is 
estrogenic material. The weights of the carbonate-soluble and neutral 
fractions show a still greater difference between enzyme and acid 
hydrolysis. 

Preliminary experiments with human pregnancy urine (5th month 
gestation) indicate that a portion of the estrogens, presumably sul- 
fates, is hydrolyzed by Mylase P. - 

CONCLUSIONS 

From the data in Table 1 and 2 it may be concluded that the 
hydrolyzing activity of the enzyme is largely due to a phenolsulfatase 
because the weight of the neutral fraction obtained after enzyme hy- 
drolysis relative to that obtained after acid hydrolysis, is only about 
44 per cent and 16 per cent respectively. This indicates that part of 
•the conjugated sulfates, presumably non-phenolic conjugates, is not 
hydrolyzed by the enzyme. Hence, Mylase P does not contain a gen- 
eral sulfatase. 

The phenolsulfatase specificity of Mylase P is further indicated by 
the fact that Mylase P does not hydrolyze phenolphthalein glucuro- 
nide. Hence, it does not contain a general phenolesterase (Fishman, 
1948). 

' Our data support the conclusions of Noguchi (1923), that asper- 
gillus oryzae extracts contain a specific phenolsulfatase. 

SUMMAKY 

Mylase P, a commercial enzyme preparation from aspergillus ory- 
zae, was. found to hydrolyze the conjugated estrogens present in the 
urine of pregnant mares. After 24 hours digestion at pH 6.0 and 50°C. 
under a layer of toluene with relatively large arnounts of Mylase P, 
about 20 per cent higher yields of estrogens were obtained than after 
acid hydrolysis. 

The phenolic fraction isolated after enzyme hydrolysis contained 
a much higher percentage of estrogens than that isolated after acid 
hydrolysis. ‘ - 
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PRELIMINARY OBSERVATIONS ON THE ANTI- 
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In 1945 Ralli et al. reported an increase in the amount of anti- 
diuretic substance present in the urines of patients with cirrhosis of 
the liver and ascites. Recently Drill and Frame (1948) have confirmed 
this observation. The presence of increased amounts of an antidiuretic 
substance in thehirine of patients -with water retention is of interest 
because of the possible relationsliip that the substance in urine bears 
to the antidim-etic hormone of the' posterior pituitary and because of 
the role of this hormone in urine flow (Wesson, 1948) and therefore in 
water balance (Gilman and Goodman,. 1936). Verney (1946, 1947) and 
Pickford (1945) have shown that the antidiuretic hormone regulates 
the rate of urine flow, and Verney (1947, 1948) has described the 
mechanism for the control of the secretion of the hormone. Although 
muclr is known of the properties of the hormones of the posterior 
pituitarj'' gland and the mechanism of their elaboration, many gaps 
in our knowledge of these hormones remain, and this is especially true 
of the antidiuretic hormone (Chow, 1944; "Van Dyke, 1943). 

In an effort to study the role of the antidiuretic substance in the 
formation of ascites in patients with cirrhosis of the liver, it was 
thought advisable to study the nature of the antidiuretic substance 
in urine. This report deals with the initial phases of the processing of 
the urines from patients with cirrhosis of the liver. . 

PROCEDURE AND RESULTS 

Urines from patients with cirrhosis of the liver in various stages of 
the disease were collected and pooled. Toluene and sufficient 25% 
acetic acid to bring the urine to pH 4 were used as preservatives. The 
urine was processed in batches of from 1 to 5 liters. 

Dialysis. Each liter of urine was dhdded into 200 cc. aliquots, and 
each aliquot was contained in a membrane made of Visking cellulose 
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This research was aided by a grant from the II. S. Public Health Service, Research 
Grants Division. 


325 



326 


STUECK, LESLIE AND RALLI 


Volume 44 


sausage casing (36/32 Nojax). Five of these aliquots were dialyzed 
against 5 gallons of distilled water in an earthenware crock for’5 days. 
The dialyzing water was changed once or twice a day for the first 3 
days and daily for the last 2 days. Both the urine and the water were 
protected against decomposition Avith toluene. It is probable, in the 
light of subsequent experiments, that a considerable loss of the anti- 
diuretic substance occurred during this prolonged dialysis. This point 
will be discussed in more detail later. 

Concentration of the Dialysate. After dialysis each aliquot, in the 
same casing in which it had been dialyzed, was concentrated by sus- 
pension in front of a fan. This required approximately 24 hours.' 

In order to establish the degree of concentration necessary to ob- 
tain an antidiuretic effect after prolonged dialysis, samples from indi- 


Table 1. Relationship of the Degree of Concentration of Dialyzed Urine 
TO the Biological Test for the Antidiuretic Substance 


Urine 

Initial 

Concentrated 

Concentration 

Biological 

Sample 

Volum ml. 

Volume ml. 

Factor 

Test 

H 

2,820 

350 

8 

Negative 

J 

700 

42 

17 

Negative 

A 

4,475 

208 

22 

Positive 

F 

1,900 

73 

26 

Negative 

D 

7,180 

200 

36 

Negative 

G 

4,100 

108 

38 

Negative 

I 

966 

25 

39 

Positive 

M 

2,300 

55 

42 

Positive 

L 

1,700 

35 

49 

Positive 

B 

5,925 

100 

59- 

Positive 

K 

4,850 

80 

61 

Positive 

C 

5,440 

300 

18 

Negative 

C 

5,440 

80 

68 

Positive 

E 

1,820 ' 

175 

10 

Negative 

E 

2,000 

50 

40 

Positive 


vidual patients were concentrated to different extents ranging from 
l/8th to l/68th of the original volume. They were then tested for 
antidiuretic activity by injection into hydrated rats, as previously 
described (Ralli et ah, 1945). The results, which are shown in Table 1, 
indicate that urine which has been dialyzed for long periods must be 
concentrated at least to l/40th of its original volume before a positive 
antidiuretic test can be obtained. Samples “C” and “E” were tested 
at 2 different levels of concentration, and only when the concentration 
was about 40 times that of the original urine was a positive anti- 
diuretic test obtained. In the subsequent processing, dialyzed pooled 
urines were therefore concentrated to l/40th of their original volumes. 

The concentrated urine was then filtered in the cold, using a coarse 
filter paper. The filtrate was tested biologically for its antidiuretic 
activity and was found to contain significant amounts of antidiuretic 
substance. 
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- ' Chromatographic Treatments The filtrate was then cliromato- 
graphed, using a column of Permutit prepared according to Folin. 
Potts and Gallagher (1944) have shown that the pressor principle of 
Pitressin can be separated from the oxytocic principles by chromato- 
graphic procedures using Permutit. We did no analyses for the pressor 
or oxytocic principles, but rather have studied the behavior of the 
antidiuretic substance on the Permutit column and the eluation of 
this substance bj’- 5% NaCl-1 M acetic acid. 

The columns were 42.5 cm. long (with an inside diameter of 1.5 
cm.) and contained 35 gm. of Permutit. The bottom of the tube con- 
tained a glass wool plug and a rubber stopper through which a small 
piece of -capillary tubing was inserted. The Permutit was packed into 
the column and then washed with 300 cc. of distilled water, using 
suction. The material to be chromatographed was delivered to the 
column from a separatory funnel suspended above it, at such a rate 
that the upper surface of the column had a continuous flow of ma- 
terial-presented to it. It was found in initial experiments that 35 gm. 
of Permutit was not sufficient to adsorb all the antidiuretic substance 
in 35 ml. of concentrated urine, but that 2 gm. of Permutit was neces- 
sary for each ml. of concentrated urine. 

The urine was allowed to flow down the column by gravity; and 
when the last of the concentrate had left the upper surface of the 
column, distilled water was allowed to flow through the column and 
the eluates were collected. When some 5 to 6 eluates had been col- 
lected, 5% NaCl in 1 M acetic acid was passed tlu-ough the column in 
a manner similar to that described for the water. Again eluates were 
collected, the point of separation being determined by the change in 
the pH of the effluent, as the NaCl-acetic acid solution passed through 
the column. Each eluate was tested biologically for its antidiuretic 
properties by injection into rats, ' 

If sufficient Permutit was used, negligible quantities of the anti- 
diuretic substance were found in the water eluates. When the column 
was eluted with 5% NaCl in 1 M acetic acid, the pH of the eluates 
decreased from 6.8 to 3.4. No significant antidiurectic effect was found 
until the pH approached 4. At this pH a high level of antidiuretic 
activity was demonstrable. The activity of this eluate is shown 
graphically in Figure 1, in which the effect of the injection of 1 ml. 
of the eluate on the urine output of hydrated rats (solid circles) is 
compared to the effect of the injection of, 1 ml. of distilled water 
(clear circles). 

In the oi’iginal experiment the antidiuretic activity was confined to 
a single eluate. In later experiments, in which the original urine con- 
centrates had a higher antidiuretic activity, several of the eluates 
were found to have a pronounced antidiuretic effect. The anti- 
diuretic activity in the later experiments was present in eluates in 
\yhich the pH ranged from 5. 1-3.9. 
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The concentrated material prepared by dialysis, insipation, and 
elution from a Permutit column retained its antidiuretic, activity for 
4 months when stood in the icebox under toluene. On standing a 
precipitate formed which had no antidiuretic effect. The supernatant 
containing the antidiuretic material was clear and dark brown in 
color. 

Relationship of Dosage to Response of the Antidiuretic Substance. 
The methods of assay for the antidiuretic effects of extracts of urine, 



Fig. 1. The antidiuretic effect of a NaCl— CHsCOOH eluate when injected into 
hydrated rats as compared with the effect of 1 cc. of distilled water. 


blood and tissues have depended on the suppression of urine secretion 
when such extracts were injected into experimental animals or man 
(Robinson and Farr, 1940; Teel and Reid, 1939; Ralli et al., 1945; 
Burn, 1931; Drill and Frame, 1948). 

Jeffers et al. (1942) have shown that the response to a given dose of 
pituitrin is logarithmically related to the dose. The data published by 
Ralli et al. (1945) has been recalculated and the same relationship was 
found to hold true. Because of the importance of this relationship in 
the interpretation of the bioassays, additional experiments were car- 
ried out, the results of which are given in Figure 2. Rats that had been 
fasted and deprived of water for 17 hours were hydrated to 5% of 
their body weight by stomach tube and injected intraperitoneally 
with varjdng dilutions of commercial Pitressin. Urine was collected at 
15-minute intervals for a period of 185 minutes. Over the range of 
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dosage studied, 2.5 to 10 milliunits per milliliter, the logarithmic re- 
lationship was found to hold, thus confirming the orginal observations 
of, Jeffers (1942). 

Effect of the Tonicity of the Solution Containing the Antidiuretic 
Substance upon the Response. Verney’s experiments (1947) have shown 
that the intravenous injection of hypertonic solutions of NaCl will' 
cause a decrease in urine flow which he attributes to an increased 
secretion of the antidiuretic hormone. This effect was not evoked after 
removal of the posterior pituitary. 



LOG MILLIUNITS PIT RES SIN 

Fig. 2, Relationship of log. dosage of Pitressin to time of excretion 
of 25 % of water ingested 

(Solid circles) Present Authors 

(Open circles) Data recalculated from Ralli et al. 

We have tested the effects of the intraperitoneal injections of 1 cc. 
of NaCl solutions varjdng in concentration from 2.5 to 10%. The 
results are shown in Figure 3. The 5% and 10% solutions caused a 
decrease in urine output. The shape of the curve following the injec- 
tion of the 5% NaCl solution is not characteristic of the response 
elicited in rats by the injection of Pitressin, although there is evidence 
of some antidiuretic effect. The response to the injection of 10% NaCl 
' approximates that of Pitressin although it is not identical to it. The 
animals which had been given 2.5% NaCl intraperitoneally, a con- 
centration roughly equivalent to that of the NaCl eluates from the 
Permutit column, excreted 25% of the injested water within a normal 
time. 

Effect of Dialysis on Antidiuretic Activity. A solution containing the 
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antidiuretic substance as eluted from a Permutit column with NaCl 
was adjusted to a pH of 3.5 with acetic acid. (The antidiuretic hor- ' 
mone has been reported to be most stable at pH 3 by Van Dyke, 
1943.) The solution of the antidiuretic substance was then dialyzed 
for 4 hours against running water, after which the material remaining 
in the casing was tested for its antidiuretic effect. In Figure 4 the 



TIME IN MINUTES- 

Fig. 3. Showing the effect of injection of 1 cc. of hypertonic sodium chloride 
intraperitoneally on the urine excretion of hydrated. rats. 

(Solid circles) 2.5% NaCl 

(Open circles) 5.0% NaCl 

(Crosses) ' 10.0% NaCl 

response of rats injected with a suitable concentration of the extract 
before dialysis is compared with that of rats injected witli the same 
dilution of the dialyzed extract. It is apparent that a loss or destruc- 
tion of antidiuretic activity occurred as a result of dialysis. 

Table 3 shows the concentration of antidiuretic substance in 3 
solutions before and after dialysis. The loss ranged from 50% in con- 
centrate A, which originally contained 5 units of antidiuretic sub- 
stance per cc., to 90% in concentrate C, which originally contained 
40 units per cc. It is of interest that in these experiments the per cent 
of the anti diuretic activity lost was directly proportional to the loga- 
rithm of the concentration originally present. This relationship cannot 
be readily interpreted on the assumption' that the loss was due to 
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'Fig. 4. Showing response of test animals to the antidiuretic substance from 
cirrhotic urine before and after dialysis 
(Open circles) Controls injected with distilled water 
(Crosses) A urine concentrate eluted from Permutil and then dialyzed 
(Solid circles) The same concentrate as above, undialyzed 

diffusion through the dialyzing membrane, and at present we are un- 
able to explain it. 


Table 3. Loss of Antidiuketic Activity by Dialysis 


Urine 

Concentrate 

Concentration of Antidiuretic 
Substance (Units/Ml.) 

Per Cent 

Loss 

A 

Before Dialysis 

5.0 

After Dialysis 

2.5 

60% 

B 

13.9 

3.9 

70% 

C 

40.0 

4.0 

90% 


The concentration of the antidiuretic substance is expressed as the amount equiva- 
lent to 1 milliunit of Pitressin per milliliter (Parke-Davis and Company). 


DISCUSSION 

From these preliminary studies we are not yet in a position to 
state the nature of the antidiuretic substance present in urine. The 
observations point to the fact that such a substance is present in 
urine, although with the ordinary methods of dialysis considerable 
portions of the substance will be lost. However, if large volumes of 
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urine are sufficiently concentrated, a substance can be obtained by 
the methods described which has a very definite antidiuretic, effect. 

- Recently Mazur and Shorr (1948) have identified ferritin as a 
vasodepressor material with an antidiuretic effect. It seems unlikely 
that the antidiuretic activity of the extracts we have studied can be 
attributed to ferritin. Fust, except in severe kidney damage very 
little ferritin is excreted in the urine.. Second, the antidiuretic sub- 
stance which we have concentrated loses its antidiuretic effect in neu- 
tral or alkaline solutions, while ferritin is stable and exerts its anti- 
diuretic effect at a pH of 7.4. 

SUMMARY 

Urines from patients with cirrhosis of the liver were collected, 
dyalyzed, and concentrated. The concentrates were adsorbed on a 
Permutit column and fractionally eluted with distilled water and with . 
5% NaCl in 1 M acetic acid. An active antidiuretic substance of high 
potency was obtained in the NaCl eluates. Dialysis reduced the anti- 
diuretic potency of the eluates to less than half their original- value. 
The eluates retained their potency when refrigerated-for 4 months. 

Although these studies do not define the nature of the antidiuretic 
substance present in urine, they do establish the fact that such a sub- 
stance is present, that its antidiuretic effect when injected into rats is 
similar to that of commercial Pitressin, and that ordinary methods of 
dialysis may result in the loss of varying amounts of the liiaterial. 
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The anterior pituitary growth hormone is known to promote the 
retention of nitrogen in the body. This effect is best seen when obser- 
vations are made in animals fed adequate protein over a day or more. 
Anterior pituitary extracts MU lower the plasma amino nitrogen of 
fasted animals within a few hours, an effect presumably also the result 
of growth hormone action. From the conditions of these experiments, 
it is not possible to say whether the effects seen are due to suppression 
of protein catabolism or to an increase in the rate of protein anabo- 
lism. An acute effect of the growth hormone on the retention of ad- 
ministered nitrogen has not heretofore been demonstrated. In the 
present experiments, the rate of increase of urea in the blood of 
nephrectomized rats has been used as a measure of the rate of protein 
metaboUsm. A mixture of amino acids in the form of a casein hydroly- 
sate was given intravenously, and observations were made of the ef- 
fects of a partially purified growth hormone preparation on the sub- 
sequent urea formation. No change was seen in the basal rate of 
nitrogen catabolism under the conditions of these experiments, but a 
marked decrease was observed in the amount of urea formed after the 
administration of the amino acid mixture. These observations suggest 
that the action of the growth hormone was here not so much the sup- 
pression of protein cataboUsm as the promotion of protein synthesis 
from exogenous amino acids. 


METHODS 

The procedure used in these experiments was similar to that recentty 
described by Engel, Pentz, and Engel (1948), except that observations on 
the blood urea were begun a few hours after removal of the kidneys, instead 
of the next day. The lower blood urea levels at the earlier time make it 
possible to measure smaller differences accurately and so to observe changes 
within shorter time intervals than those used by Engel et al. 

Received for publication November 26, 1948. 

* The work reported in this paper was done under grant from the American Cancer 
Society on the recommendation of the Committee on Growth of the National Research 
Council. 
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The experimental animals Avere male white rats of the Sprague DaAvley 
strain, about 3 months old and weighing between 300 and 350 gm. The ani- 
mals had been fed on a diet of Purina Laboratory Chow. All animals Avere 
fasted OA'^ernight before experiment. The kidneys AA’^ere remoAfed through a 
lumbar approach, AAuth the animals under light pentobarbital anesthesia 
(3 mg. per 100 gm. sodium pentobarbital gh'en intraperitoneally) supple- 
mented AAuth ether during the first stages of the operation. The animals all 
regained consciousness fully Avithin an hour after operation and AA^ere then 
alloAved to rest quietly in a AA^arm, lighted place until the later observations 
Avere begun. About 3 to 3| hours after the removal of the kidneys, the ani- 
mals Avere reanesthetized lightly AAuth pentobarbital (2 to 3 mg. per 100 gm.). 
A blood sample Avas then taken from the cut tail, and immediately after- 
Avards, the solution to be administered, the amino acid mixture or saline, 
Avas injected through the femoral vein near the groin. No further anesthetic 
Avas administered, later blood samples being taken from the tail AA'hile the 
animal lay quietljq Avrapped in a toAvel. 

The mixture of amino acids giA'^en AA’as a sterile solution of material derived 
from casein by enzymatic hydrolysis.- This Avas dissoh'^ed as a 10 per cent 
solution, partially neutralized to pH 6.6 by the addition of 0.6 ml. of 0.5 N 
NaOH per gm. of solids. This solution Avas filtered by suction, dispensed into 
small serum vials, and immediately , sterilized by autoclaving for 20 min. at 
15 lb. pressure. Once tapped, a Aual of amino acid solution Avas not used 
again. The solution used in most of these experiments contained per ml., 
11.1 mg. of total nitrogen by Kjeldahl analysis, 7 mg. of amino nitrogen by 
the /3 naphthoquinone method, and from the manufacturer’s estimate 10 mg. 
of potential amino nitrogen. One ml. of the amino acid solution per 100 gm. 
body Aveight Avas injected sloAvly over a period of 1 to 2 minutes.' If the solu- 
tion Avas not injected too rapidly, the animals appeared to suffer no untoAA^ard 
reactions, a brief period of hyperventilation being the only disturbance noted; 

In control experiments, freshly prepared 0.9 per cent sodium chloride 
solution Avas injected intravenously. One-half ml. AA'as given per 100 gm. 
body Aveight. This volume contained about the same amount of inorganic 
salts as AA'as contained in the 1 ml. of amino acid solution. 

Blood samples of 0.2 to 0.4 ml. volume AA-^ere taken from the tail before 
the administration of the amino acids or salt solution and at intervals after- 
Avards for the estimation of urea, amino nitrogen, glucose, and lactate. The 
total Amlume of blood AAuthdraAAm AA’as from 0.8 to 1.8, ml. or not more than 0.6 
ml. per 100 gm. body AA’^eight. Whole blood AA’as used for all anatyses unless 
otherAvise indicated. In most of the nephrectomized animals, estimations of 
all the constituents listed Avere made on the initial samples; urea nitrogen 
Avas then determined at 1, 3, and 20 hours after the injections, amino nitro- 
gen at 15, 30, and 60 minutes, glucose at 1 and 3 hours, and lactate at 30 
min., 1 hr., and 3 hours. In some experiments observations of blood urea 
only AA’ere made on samples taken initially and at 1 and 3 hours; no differ- 
ences Avere seen in the rates of urea formation in animals so treated from 
those bled more extensively. When, plasma amino nitrogen AA’as determined, 
samples AA’ere taken initially and at 10, 30, and 60 minutes after the injec- 
tions; other determinations AA’ere not made in this series of experiments. 

- Aniigen, prepared by Mead Johnson and Company, Evansville, Indiana. We wish 
to thank Dr. Warren M. Cox of that company for generously supplying us with this 
preparation. 
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The blood samples ivere deproteinized with tungstic acid or with copper 
tungstate. The plasma samples were prepared as follows: About 0.4 ml. of 
blood was drawn into a 1 ml. centrifuge tube containing a small amount of 
potassium oxalate, stirred well with a fine glass rod, and spun 5 minutes in 
an angle-head centrifuge. Two-tenths ml. of plasma Was then withdrawn 
with a Le\d pipette, delivered into 5 ml. of 0.01 N sulfuric acid, and mixed. 
To the diluted plasma 0.2 ml. of 3.0 per cent sodium tungstate was then 
added and mixed thoroughlj^. The mixture was allowed to stand until settling 
had begun and then centrifuged. This procedure was shown to allow .quanti- 
tative recoveiy of added amino acids estimated by the /S naphthoquinone 
method as used here. It has been found essential for this recoveiy to use less 
tungstate in proportion to the amount of plasma than is customarily used 
for whole blood, since traces of tungstate not precipitated with the proteins 
inhibit color development during the anal 5 '-sis. 

Chemical analyses were made by the following methods: For urea, the 
xanthj’-drol method as described by Engel and Engel (1947) was applied to 
1 ml. aliquots of the supernatants prepared from whole blood bj”^ tungstic 
acid precipitation, or the method of Archibald (1944) was applied to samples 
deproteinized ivith copper tungstate. For amino nitrogen, the photometric 
procedure of Frame, Russell, and Wilhelmi.as modified by Russell (1943, 
1944) was used Avith 1 ml. of the supernatant from whole blood (1:28 dilu- 
tion) or Avith 2 ml. of that from plasma. For glucose, the Nelson arsenomolyb- 
date reagent Avas used in conjunction AAuth Somog 3 d’s phosphate-buffered 
copper reagent on o!5 ml. aliquots, and for lactate, the Barker-Summerson 
method Avas applied to 0.3 ml. samples of the supernatants from AA'hole 
blood. All determinations Avere made in duplicate, or in the case of urea, in 
some cases in triplicate. 

The anterior pituitarj’- growth hormone preparation used in these e.xperi- 
ments AA'as a partially purified fraction prepared by the addition of alcohol 
to an alkaline extract of beef anterior lobes, the “C” fraction described by 
Fishman, Wilhelrai, and Russell (1947). This fraction is precipitated at pH 
6.8 and 24 per cent ethyl alcohol. From electrophoretic analj'^sis, it appeared 
to contain approximately 40 to 50 per cent groAvth hormone and smaller 
amounts of some other components. It AA'as highly potent in promoting 
groAA'th, inducing an average gain of 21 gm. in 10 days AAdien given at a dose 
of 100 ng. per day to hypoph 3 ’^sectomized rats AA'eighing about 100 gm. The 
Aveights of the th3’’muses, e.xpressed per 100 gm. bod3'’ AA’eight, increased 50 
per cent in the 10 da 3 ' test, as compared to the w^eights in untreated controls. 
When given either at the 100 ng. dose for 10 da 3 '^s or at a dose of 1 mg. per 
da3’^ for 4 days, the preparation induced no changes in the AA'eight or appear- 
ance of the adrenals, th 3 'roids, testes, or accessoiy sex- organs. There AA-as 
therefore probabb" little gonadotrophin present, but there ma 3 r have been 
some thyrotrophic hormone; from other evidence, there probably AA-as also 
some lactogenic hormone. The preparation AA-as also tested for the presence 
of adrenocorticotrophic hormone % the sensitiAm assa3'- method of Sa3rers, 
Sayers, and Woodbury (1948). Fifty micrograms giA-en intraA-enousl 3 ' per 
100 gm. bod3’- A\-eight to h3-poph3'-sectomized rats produced an average fall in 
adrenal ascorbic acid of 9+4 mg. per cent. Since a significant response ma 3 ’' 
be induced by 0.1 to 0.2 ng. of highl 3 ’- purified adrenocorticotrophin, the 
groAA'th hormone preparation used here appeared to be practical^ free of 
this factor. 
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The hormone preparation was stored in the cold in the solid lyophilized 
state; for use, it was suspended in 0.9 per cent sodium chloride and dissolved 
by adjustment of the pH to 8 to 9. This solution was prepared freshly on the 
day of use. A volume of 0.3 ml., containing 1 mg. of material per 100 gm. 
body weight, was injected intraperitoneally 1| to' 2 hours before experiment 
(IJ to 2 hours after removal of the kidneys). 

OBSERVATIONS 

Urea formation in untreated animals: A summary, of the data ob- 
tained on the basal rates of urea formation in nephrectomized rats and 
comparison of these rates with those obtained by Engel, Pentz and 
Engel in similar experiments are presented in Table l. In confirmation 
of the latter authors, the basal rate of urea formation was found quite 
constant over periods up to 22 hours after nephrectomy. This rate 
was about ^ lower than that reported by Engel, et al. The reason 

Table 1. Basal Rates of Urea Formation in Nephrectomized Rats 


Length of 
observation 
period 

Time after 
operation 

No. of 
observations 

Increase in blood'urea 
nitrogen 

hrs. hrs. 

I. Combined series, Tables 2 and 6* 


mg. per cent 
per hour 

standard 

deviation 

A. ■ 1 

3-4 

23 

3.38 

1.09 

B. 2 

. 4-6 

48 

3.53 

0.83 

C. 16 

II. Data from Engel, et al.** 

6-22 

47 

3.33 

0.37 

D, 3 

16-19 

201 , 

4.8 

1.6 

E. 16 

• 0-16 

113 

4.8 

0.8 


* By analysis of variance, no significant differences were found between the several 
experimental groups (control, growth hormone treated, adrenal demedullated, and 
epinephrine treated); the data from these groups were therefore pooled completely. 

The animals in group A were given saline,, those in groups B and C saline or amino 
acids at 3 hours after nephrectomy. i 

** Recalculated from Table 1, et seq., of Engel, Pentz, and Engel (2). 

for this difference is not apparent, but it may probably be accounted 
for by such variables as the age of the animals, previous diet, etc. It 
is evidently not related to the time after operation at which the obser- 
vations were made. In the present experiments the standard devia- 
tions were consistently lower then those of Engel, et ah, even where 
the periods of observations were shorter; from the data in Table 1, it 
may be calculated that one-half or less the numbers of observations 
would be required here to obtain the same standard errors, as seen. in 
the data of the previous authors. This difference in precision may 
have resulted in part from the use of more recently operated animals 
having lower initial levels of blood urea, thus allowing' the measure’ 
ment of larger relative changes. 

The effects of the intravenous administration of a protein hy- 
drolysate on the formation of blood urea are shown in Tables 2 and 6. 
During the first hour after the injection of the amino acids, the rate 
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of urea formation was increased several fold over the rates seen in 
animals given only a saline infusion. During the second arid third 
hours, however, the rate returned to the base line, the value in no 
series differing significantly from the first hour rate in the correspond- 
ing control animals. 

The amounts of urea formed per 300 gm. body weight were cal- 
culated by Engel et al. on the assumption that urea is distributed in a 
volume of body water equal to 63 per cent of the body weight. On 
this -basis, in animals given the same mixture of amino acids as used 
here, Engel et al. observed an increase over the basal rate of urea 

Table 2. Changes in Blood Urea in Fasting Nephkectomized Eats after the 
Adsiinistration op Protein Htdroltsate and of a 
Growth Hormone Preparation 



No. of 
observ. 

Increase in blood urea N 
mg. per cent per hour 
(with standard error) 

Time after injection of hydrolysate or of saline 
(3-3f hours after nephrectomj') 

1. Saline injection* 


1 st hour 

2d and 3rd 
hours 

A. Untreated rats 

8 

3.4±0.40 

3.9±0,15 

B. Rats given growth hormone** 

2. Amino Acid injection *** 

6 

3.2±0.51 

3.0±0.35 

A, Untreated rats 

10 

11.4±0.37 

3.3±0.27 

B. Rats given growth hormone 

Difference, treated series less untreated 

8 

7.2±0.47 

3.5+0.18 

series 

3. Increase with amino acid injection over 
saline control series 

18 

-4.2±0.59 

+0.2±0.34 

A. Untreated rats 

18 

+8.0±0.53 

-0.6±0.31 

B. Rats given growth hormone 

14 

-i-4.0±0.70 

-0.5+0.37 


* 0,5 ml. 0.9 per cent sodium chloride was given per 100 gm. body weight intra- 
venously over 1 minute. 

** 1 mg. of partially purified growth hormone per 100 gm. body weight was given 
intraperitoneally H to 2 hours before experiment (If to 2 hours after nephrectomy). 

*** Casein “hydrolysate (Amigen) in 10 per cent solution: 1 ml. (containing 11 mg. 
N) per 100 gm. body weight was given intravenously during 1 minute. 


formation of 4.08 mg. of nitrogen during 3 hours after the administra- 
tion of 8.4 mg. of nitrogen per 100 gm. body weight. The extra nitro- 
gen accounted for 48.5 + 13.3^ per cent of that injected. As shown in 
Table 3, in the present experiments where 11.1 mg. of nitrogen were 
injected, the increment in the first hour, similarly calculated was 5.0 
mg. of nitrogen per 100 gm., or 45+2.8 per cent of that administered, 
a figure in excellent agreement with that of Engel et al. However, it 
may be noted that alF of the increment in rate occurred here during 
the first hour after the injection, and that greater precision is possible 
in the comparison of treated and untreated groups when the shorter 
time interval is used. 

The effect of growth hormone on urea formation: As shown in Table 
2, in the animals given the partially purified growth hormone prepa- 


’ The standard error of this figure was calculated bj' the present authors. 
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ration used here, the rate of urea formation during the first hour fol- 
lowing the injection of saline did not differ from the' control rate. In 
the second and third hours, there may have been a slight fall, since 
the difference from the corresponding control series is significant 
( — 0.92 + 0.38 mg. per cent per hour). However, when the hormone- 
treated group is compared with any of the other groups of animals 
given saline (Table 6), the difference is much less evident, and analysis 
of variance of the four groups indicates a probability of nearly 0.2 
that the differences between the group means were fortuitous. There 
is, moreover, no difference between the rate seen in the second and 

Table 3. The Effects of an Anterior Pituitary Growth Hormone Preparation 
ON the Metabolism of Administered Amino Acids 

These figures were calculated from the increases in blood urea seen in the first hour 
after the administration of amino acids or of saline (given in Table 2), on the assump- 
tion that urea is distributed in water equal to 63 per cent of the body weight. All values 
are given per 100 gm. body weight. 

Nitrogen injected, in the form of casein hydrolysate: 11.1 mg. per 100 gm. body 
weight. 



Urea N 
formed 
(total 

mg. /hr 

N retained 
(not metabolized) 
to urea) • 

per cent of 
injected N 

Urea N 
formed in 
controls 
given saline 

mg. /hr 

Extra 
urea N 
formed 

\ 

mg. /hr 

1, Untreated animals 

7.2+0.23 

3.9±0.23 35±2 

2.1+0.21 

' 5.0 ±0.33 

2. Animals given growth 

4.5+0.30 

6.6±0.30 60±3 

2.0±0.32 

2.5±0.54 

hormone 










UntrfatedX^^^ 

63 ±5* 

169±12 


50+9' 


* Standard errors of ratios by the form (s„/b)* = (a/b)2((sa/a)2-f (sb/b)“) 


third hours in the hormone-treated group and the rates seen in the 
first hour in any of the animals given saline. It may be doubted then 
that the observed decrease was in this instance a valid one. It is of 
course possible that larger doses of the hormone or its administration 
over a longer period would have induced greater changes in the basal 
rate of protein catabolism. 

The first hour observations in the animals given the protein hy- 
drolysate present the chief points of interest in Table 2. ClearljL the 
growth hormone depressed the rate of increase in blood urea following 
the administrations of amino acids. The decrease is equally evident 
whether the absolute rates are compared or whether comparison is 
made between the net increases in rate of urea formation over the 
rate seen in the respective controls given saline. i 

Further calculations of the amounts of urea formed and nitrogen 
retained (that is, not metabolized to urea) are presented in Table 3. 
These values are calculated on the assumption that urea is distributed 
in all the body water, equal in weight to 63 per cent of the body 
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weight. Engel, et ah, have discussed the validity of this assumption. 
While it may be subject to some error, there is here no reason to be- 
lieve that the average amount of water in the body differed in the 
several series of experiments. The comparison of the amounts of urea 
N formed are therefore nearly as accurate as indicated by the sta- 
tistical evaluation. The decrease in the amount of urea formed under 
the influence of the growth hormone amounted here to 37 ±5 per cent. 
Given the amount of nitrogen injected, the amount of nitrogen re- 
tained was calculated; an increase of 69 + 12 per cent was observed 
under the influence of the growth hormone. This figure is subject to 
the error of the estimation of the total urea from the average body 
water content: if an average value of 70 per cent body water had been 
used, the increase would have been of the order of 100 per cent. 

When the total amounts of urea formed and of nitrogen retained 
are considered, the assumption is implicit that the administered 
■ amino acids enter the metabolic pool and do not differ remarkably 
in their fate from the body amino acids ordinarily being released. 
Alternatively, it may be considered that the metabolism of the added 
amino acids is superimposed on a steady basal rate of protein catabo- 
lism. In this case, calculation of the extra urea nitrogen formed is of 
interest. As shown in Table 3, if this is done, the effect of the growth 
hormone appears to have been to decrease the rate of catabolism of 
the administered amino acids bj'- 50+9 per cent. 

The effects of growth hormone on the removal of amino nitrogen from 
the blood: The effect of growth hormone in depressing the rate of urea 
formation from administered protein hydrolj’^sate could conceivably 
have been due to a delay in the removal of the amino acids from the 
blood. In order to obtain information on this point, estimations of the 
concentration of amino nitrogen in the blood were made at intervals 
following the injection of the hydrolysate or of saline. In the latter 
case there was observed a slight fall in the blood amino nitrogen, 
which may have resulted from hemodilution. In the animals given 
amino acids, the mean amino nitrogen level in whole blood, about 
11 mg. per cent initially, was found to be near 18 mg. per cent at 
15 min. after the injection, 15 mg. per cent at 30 min., and 12 mg. per 
cent at 60 min. Because of the rapid removal of amino nitrogen from 
- the blood after the injection of the hydrolysate and the relatively 
small changes to be seen in whole blood amino nitrogen in any case, 
there were considerable variations in the levels of blood amino nitro- 
gen at any given time. However, the differences from the initial levels 
at 30 minutes averaged about 20 per cent less in the treated group, the 
difference between the groups ha\dng a probability of a little more 
Than 0.05 of being fortuitous. Evidently, the growth hormone did not 
delay the removal of amino nitrogen from the blood. Since the figures 
-were in fact suggestive of some enhancement of the uptake of amino 
acids from the blood, another series of experiments were performed 
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under conditions which might be expected to make such an effect 
more readily observable. Intact animals were given the same growth 
hormone preparation, and the amino nitrogen content of the plasma 
followed after the intravenous administration of the protein hydroly- 
sate. The results are given in Table 4. In the group of untreated rats 
were included a few nephrectomized animals, which did not differ 
from the intact animals in respect to the changes in' plasma amino 
nitrogen. In these series, the increase in plasma amino nitrogen over 
the initial levels observed at 30 minutes after the injection of hydroly- 
sate was about 25 per cent less in the animals given the growth hor- 
mone than in the untreated animals, and this difference was highly 
significant. The rate of removal of the amino acids from the plasma 
appears therefore to have been increased by the growth hormone. 

Table 4. The Effects of a Growth Hormone Preparation on the Removal of 
Amino Nitrogen from the Plasma of Normal Fasting Rats ■ 

1 ml. of 10 per cent casein hydrolysate per 100 grci. body weight was given intra- 
venously immediately after the initial sample was taken. 


No. of 

Plasma amino nitrogen — mg. per cent 

observ. 

Initial 

Increase over initial 

Time after injection of 




hydrolysate or of saline (3-3 § 
hours after nephrectomy) 

0 

10 min. 

30 min. CO min. 

1. Untreated rats 11 

7. 0+0. 3 

. +13.8 

+7.3±0.51 .+2.1 

2. Rats given growth hormone* 8 

5.2±0.3 

+13.0 

+5.3±0.33 +1.7 

Difference 

-1.8±0.40 


-2.0±0.67 

t 

4.5 


3.0 

P 

« .01 


< .01 


* 1 mg. per 100 gm. body weight of partially purified growth hormone was given 
intraperitoneally 1^ to 2 hours before the initial observations. 


In Table 4, it may also be seen that the growth hormone prepara- 
tion had noticeably lowered the basal level of amino nitrogen in the 
plasma 1 to 1| hours following the administration of the hormone. 

The effects of intravenous amino acids and of growth hormone on the 
blood glucose and lactate: In most of the experiments on the nephrecto- 
mized rats, observations were made also of changes in blood glucose 
and lactate which occurred following the administration of protein' 
hydrolysate or of saline. This was done for several reasons. The ob- 
servations would serve as some indication of the metabolic state of 
the recently neplirectomized animals. In the event that the initial 
levels were normal, as proved to be the case, changes occurring after 
the intravenous administration of large amounts of amino acids might 
serve in some degree to indicate the amount of gluconeogenesis which 
would occur in these circumstances. Then, anterior pituitary extracts 
containing growth hormone have frequently been observed to cause 
some diminution in the blood glucose in intact rats; this process has 
been thought to be the result of inhibition of gluconeogenesis from 
body protein, but whether it would occur when amino acids were also 
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given has not been determined. Finally, some information was also 
desired concerning the possibility that the intravenous administration 
of large amounts of amino acids might constitute a stimulus to the 
simipathetic system. A summary of the most pertinent results is pre- 
sented in Table 5. 

The administration of the protein hydrolysate was followed by a 
small elevation of the blood glucose level which persisted for at least 
3 hours. The growth hormone preparation lowered the blood sugar 
initialls’’ (first observation 1| to 2 hours after its administration), and 
in the animals given saline further depression continued during the 
next hour. When the hydrolysate was given to growth hormone 

Table 5. The Effects of Protein Hydrolysate and of a Growth Hormone 
Preparation on the Blood Glucose and Lactate 'in'JNephrectomized Rats* * ** 


No. 

obs. 


Blood glucose — 
mg. per cent 

Initial** 1 hour 3 hours 


Blood lactate 
mg. per cent 

Initial 1 hour 


A. Untreated animals 

1. Saline injection 7 

2. Amino acid injection 10 

B. Animals given growth liormone 

1. Saline injection 6 

2. Amino acid injection 8 


91 

-2+2.2 

+8±4:3 

4 

8.9 

9.0 

88 

+17±2.1 

+ 15±3.0 

10 

8.8 

11.3 

79 

-13 + 3.7 

-1012.5 

4 

13.8 

18.3 

81 

+9±4.1 

-412.7 

8 

10.3 

14.1 


* Treatment as in Table 1. 

** 2 to 3 hours after nephrectomy, just before the administration of the saline or 
hydrolysate. 

The mean initial blood glucose for the 17 untreated animals was 89.4 ±1.8, forthe 
14_ animals given the growth hormone preparation, 80 .0 ± 1.7 (determined on tungstic 
acid filtrates). 

treated animals, little further change occurred. Since the hypogly- 
cemic effect of the growth hormone were observed in the absence of 
any well defined diminution in urea production (in the animals given 
saline), and was equally evident whether amino acids were given or 
not, it seems unlikely that it resulted from depression of gluconeo- 
genesis from protein. Recent evidence on the effects of growth hor- 
mone in diabetic animals suggests that enhanced secretion of insulin 
maj’' be the cause of this hjqioglycemia. 

No significant changes were observed in the blood lactate in any 
of the experiments. This fact, together with the small changes in blood 
glucose, appears to indicate that there was no anoxia, massive sym- 
pathetic stimulation, or other untoward metabolic reaction to the in- 
travenous administration of sterile protein hydrotysate. 

The effects of adrenal-demedxdlation and of epinephrine on urea for- 
mation: As Engel et al. have noted, when non-sterile solutions of. 
amino acids have been given intravenously or when any degree of 
anoxia has occurred, protein catabolism has been found to be in- 
creased (Engle, et ah, 1946, 1948). The reason for these effects is un- 
known. Conceivably, the noxious stimuli could activate the adrenal 
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cortex and so cause increased release of tissue proteins. Epinephrine 
has been shown to stimulate the adrenal cortex and might be expected 
to have a similar effect upon nitrogen metabolism if given or secreted 
in sufficient amounts. Since the intra-venous administration of large 
quantities of amino acids is not a phj'-siological procedure, it could 
cause sympathetic stimulation, discharge of the adrenal medulla, and 
also possibly consequent activation of the cortex. To test whether 
adrenal medullary activities were playing a part in the responses to the 
experimental procedures used here, a few observations were made on 
animals given epinephrine and on previously adrenal demedullated 
rats. As shown in Table 6, no significant differences from the normal 
were observed, either in basal rates of in the metabolism of adminis- 
tered amino acids. The dose of epinephrine used here was sufficient to 

Table 6. The Effects of the Administration of Insulin oh Epinephrine and of 
Previous Adrenal Demedullation on the Increase 
IN Blood Urea in Nephrectomized Rats. 


1 ml. of 10 per cent casein hydrolysate or 0.5 ml. 0.9 per cent sodium chloride per 
100 gm. body weight given intravenousljL 


No. of 

Increase in blood urea N 

observ. 

mg. per cent per hour 


Time after injection 


1 st hour 

2d and 3d hours 

Animals given insulin 0.5 units per kg. in- 
traperitoneally, 30 to 60 minutes before 
saline or aniino acid injection 

1. Saline injection 

5 

4.3+0.43 

5.2+0.62 , 

2. Amino acid injection 

5 

11.3+0.72 

4.1+0.51 


B. Animals given epinephrine, 0.05 mg. per 
kg. intramuscularly at time of saline or 
amino acid injection 


1. Saline injection 

6 

3.3+0.55 

3.2+0.50 

2. Amino acid injection 

Adrenal demedullated animals (3 to 4 
weeks post operative) 

4 

10.0+0.78 

4.0+0.42 

1. Saline injection 

3 

3.9+0.18 

4.0+0.44 

2. Amino acid injection 

3 

10.0+0.22 

3. 9+0. 58 


raise the blood glucose and lactate of normal fasted rats or of nephrec- 
tomized animals well above the initial levels, an average increase of 
75 mg. per cent in glucose occurring in 1 to 1| hours and an increase 
of 25 mg. per cent in blood lactate in about 45 minutes. Evidentlj’^ 
this moderately large amount of epinephrine had no effect on the rate 
of protein catabolism within 3 hours. Since the initial blood glucose 
and lactate levels offer no indication that marked adrenal activity was 
continuing following the recent nephrectomy, it is unlikely that the 
failure to find any effect of epinephrine on the rate of protein catabo- 
lism was due to exhaustion of the mechanisms involved. If the ad- 
ministration of epinephrine were to simulate the effects of other 
noxious stimuli in this respect, either very much larger doses or their 
action over longer time intervals would be required. The fact that 
adrenal demedullated rats did not differ from the normal in these ex- 
periment.s also indicates that secretion of epinephrine, if it occurred 
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in response to the intravenous administration of saline or amino acids, 
could not normally have been influencing the results obtained. 

The effects of insulin on vrea formation: Insulin has been observed 
to increase nitrogen retention in normal animals and to diminish the 
rate of nitrogen excretion in fasting diabetic animals Also when in- 
sulin is given in quantity to eviscerated animals, it will partially sup- 
press the release of amino acids from the tissues (Mirsky, 1938; 
Frame and Russell, 1946). Mirskj’- (1939) has in fact suggested that 
the nitrogen-sparing effects of the anterior pituitary’ growth factor 
may be mediated by an "insuhnotrophic” actiop. In the present ob- 
servations and in other unpublished experiments, the growth hor- 
mone has been seen to lower the blood sugar levels in rats in which the 
pancreas is intact, but not in rats which have been rendered diabetic 
by alloxan. In order to determine whether additional insulin secretion 
could have been a factor in reducing urea formation in the present 
experiments, a series of observations were made in nephrectomized 
rats given a moderately large dose of insulin. The insulin, 0.5 units 
per kg., was given intraperitoneally 30 to 50 minutes before the in- 
jection of the hydrolysate or of salt solution. The average blood glu- 
cose levels seen in the 10 rats so treated were 35, 36, and 61 mg. per 
cent (true sugar values) respectively at 0, 1, and 3 hours after the 
observations were begun. As shown in Table 6, no effect of this dose 
of insulin was seen either on the basal rate of urea formation or on that 
after the administration of the amino acid mixture. Since in the ani- 
mals treated with insulin, the blood glucose remained lower tlwough- 
out the period of observation than it did when the growth hormone 
was given, (about 60 to 65 mg. per cent true sugar values), it seems 
unlikely that the effects of the growth hormone were mediated solely 
through increased insulin secretion in these experiments. 

DISCUSSION 

The observations presented above indicate an acute effect of the 
growth hormone on the metabolism of administered protein hydroly- 
sate. The rate of breakdown of the amino acids was decreased, and 
since the rate of removal of the amino acids from the blood was not 
diminished, but probably was increased somewhat, there must have 
occurred an increase in the retention of the administered amino acids 
in the tissues. Under the same conditions, little if any effect of the 
growth hormone was seen on the basal rate of protein catabolism. It 
may be suggested therefore that the growth hormone here had its 
most marked effect upon the anabolic phase of protein metabolism. 

As to the form in which the administered amino acids were re- 
tained in the tissues under the influence of the growth hormone, no 
information is available from the present experiments. Earlier reports 
on the effects of crude anterior pituitaiy extracts in fasting animals 
indicate that the content of free amino acids (extractable with dilute 



344 RUSSELL AND CAPPIELLO- - Volume 44 

trichloracetic acid) and of peptide nitrogen in the tissues was re- 
duced at the same time as the blood levels of amino nitrogen and urea 
were diminished (Schaffer and Lee, 1935). It seems likely then that 
the effect of the growth hormone would be to promote the formation 
of intracellular protein. Whether all tissues take part in this formation 
of protein, or whether either the liver or peripheral tissues predomi- 
nate in this process, is still unknown. 

The present observations indicate that extra secretion of insulin 
under the influence of the growth hormone is not alone responsible for 
the effects of the latter substance on nitrogen metabolism. However, 
it is still possible that some insulin may be required for the maximal 
effect of the growth hormone in effecting nitrogen retention. Further 
investigations of the relationship of insulin to the effects of the growth 
hormone on nitrogen metabolism are being undertaken. 

SUMMARY 

The rate of increase in the blood urea of nephrectomized rats was 
utilized as a measure of the rate of protein catabolism under basal 
conditions and after the intravenous administration of amino acids in 
the form of a sterile solution of casein hydrolysate. When a partially 
purified preparation of anterior pituitary growth hormone was given 
to nephrectomized rats 1 to 2 hours before the periods of observation 
were begun, the rate of urea formation during the first hour after the 
administration of casein hydrolysate was reduced by approximately 
40 per cent and the 'amount of nitrogen not catabolized to urea in- 
creased by about 70 per cent. No effect of the growth hormone on the 
basal rate of urea formation was seen during the same time interval in 
animals not given exogenous amino acids. 

The rate of removal of amino acids from the plasma of rats given 
casein hydrolysate was somewhat increased by the growth hormone. 

Neither the administration of- insulin (0.5 units per kg.) of of 
epinephrine (0.05 mg. per kg.), nor previous adrenal-deihedullation 
affected the rate of urea formation in the basal state or after the ad- 
ministration of casein hydrolysate. 
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Table 1. Changes in the Resistance to Cold and the Size of the 
Adrenal Gland of the Female Rat with Increasing Age 


No of 
rats 

Age 

weeks 

Body Wt. — Grams 

Thyroid 
wt. 1 
mgm. 

Adrenal 

wt. 

mgm. 

Adrenal 
w-t./body 
wt. XlOO 

Length 
of life 
in cold 
(hours) 

Start 

End 

Gain 

No cold 

22 

3 

36.0 

±0.4* 



4.6 

±0.1 

11.4 

±0.3 

31.6 

+0.8 


17 

- 4 

35.0 . 
±0.7 

61.1 

±1.3, 

26.1 

±0.8 

6.5 

±0.2 

15.6 

±0.4 

25.6 

±0.5 


20 

■ 

35.9 

±0.4 

86.3 

±1.4 

50.4 

±1.3 

8.7 

±0.3 

21 -.7 
±0.8 

25.1 

±0.8 


21 

■ 

35.4 

±0.6 

122.2 

±2.7 

86.8 

.±2.7 

10.3 

±0.3 

31.1 

±1.1 

25.5 

±0.7 


m 

9 

34.5 

±0.7 

150.7 

±3.9 

116.2 

±4.3 

10.7 

±0.4 

38.2 

±2.3 

25.1 

±1.1- 


18 

11 

34.7 

±0.8 

176.1 

±2.3 

141.4 

±2.4 

12.8 

±0.3 

54.0 

±1.9 

30.6 

±1.0 


17 

13 ' 


193.7 

±3.3 


12.4- 

±0.5 

52.8 

±1.9 

27.4 

±1.0 


18 

15 


207.0 

±2.7 

172.2 

±2.5 

- 15.6 
±0.6 

58.0 

±2.2 

28.0 

±1.0 



(Exposed to Cold (3 ±1°C.) 


18 

3 

35.6 
• ±0.7 



4.9 

±0.1 

10.1 

±0.2 

29.1 
. ±1.3 

7.2 ■ 
±0.7 

18 

4 

38.0 

±0.7 

58.6 

±1.1 

20.6 

±1.4 

5.0 

±0.1 

10.3 

±0.6 

27.9 

±1.9 

21.2 

±1.4 

28 

5 

34.4 

±0.6 

83.1 

±1.5 


6.0 

±0.1 

20.2 

±0.6 

24.2 

±0.5 

22.6 

±1.8 

20 

■ 

35.1 

±0.6 

131.3 

±3.6 

96.2 

±2.6 

8.7 

±0.4 

39.7 

±1.6 

30.2 

±1.0 

44.3 

±3.6 

20 

9 

36.3 

±0.6 

156.5 

±3.5 

120.2 i 
±3.2 1 

10.7 

±0.5 

51.0 

±2.4 

32; 4 
±1.0 


19 


33.6 

±0.6 

189.7 

±3.4 

156.1 

±3.2 

mam 

69.6 
' ±3.8 

36.5 

±1.7 

57.2 

±4.1 

17 

13 

34.1 

±0.7 

198.8 

±3.4 

164.7 

±3.1 

12.1 

±0.6 

61.3 

±2.8 

32.0- 

±1.1 

74.4 

±6.7 

18 

15 

34.5 

±0.7 

193.6 

±2.7 

159.1 

±2.6 

13.6 

±0.7 

67.1 

±1.5 

34.7 

±0.9 

66.2 

±5.1 


* Standard error — Se = /4 / 

y N(N-l) 
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ciP in their drinking water as a 0.1% solution, which was freshly prepared 
several times a week. 

In the cold-exposure experiments the animals were placed in individual 
wire cages to prevent huddling and put in a cold room which was maintained 
at 2 to 4°C. The rats were deprived of food and water during the time of 
exposure to cold and were examined hourty. Body weights were obtained 
prior to exposure, and at death the thyroids and adrenals were removed and 
weighed immediately on a torsion balance. The rats referred to as cretins 
were born from mothers treated with thiouracil for 2 weeks prior to mating 
and also throughout pregnancy (Hughes 1942). These animals were weaned 
at 4 weeks of age and continued on the drug for the duration of the study. 



Fig. 1. Resistance of the normal, thiouracil treated, and thiouracil 
treated cretinoid rat to cold (2° to 4‘’C.) at different age levels. 

Except for the experiments with adult animals and cretins, all the rats were 
placed on thiouracil at 3 weeks of age. The mature rats weighed approxi- 
mately 200 grams (4-5 months of age) when placed on thiouracil treatment. 

Statistical analyses of the data were carried out according to Snedecor 
(1946) for correlation coefficients and standard errors. P values were ob- 
tained from the tables of Fisher and Yates (1943). 

EXPEHIJIENTS AND RESULTS 

Nonnal Eats 

Groups of normal female rats were exposed to a temperature of 
3 + 1°C. at 3, 4, 5, 7, 9, 11, 13 and 15 w'eeks of age. Similar untreated 

- We should like to thank Dr. Stanton Hardy, Lederle Laboratories, Pearl River, 
New York, for the thiouracil used in this study. 
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control groups were sacrificed at the same time without exposure to 
cold. Body, adrenal and thyroid weights and length of life in the cold 
were obtained (Table 1). It was found that the ability of the animals 
to resist cold increased with age (Fig. 1). It is also interesting to note 
that no adrenal enlargement due to the stimulation of cold was ob- 
tained until the animals were 7 weeks of age, at which time the cold 
exposed rats had adrenals weighing 39.7 + 1.6 mgms. and the controls 
31.1 + 1.1 mgms. (Table 1). Tliis difference is also evident if the' ad- 
renal weights are expressed as a. percentage of body weight. In 
Figures 2 and 3 it can be seen that the difference in adrenal weights of 
the controls and cold exposed rats,' both as an absolute figure and as 
a percentage of body weight, is apparent at the 7th week and from 
that time on the adrenals of the cold exposed rats were persistently 
heavier. In an attempt to demonstrate a relationship between the size 
of the adrenal and resistance to cold, adrenal weights were plotted 


Table 2. Corkelation Values and Significance of Probability for 
Relationship of Length of Life in the Cold and Adrenal Weights 


Age weeks ' 

Treatment 

r Value 

P Value 

5 

None 

+ 0.663 ' 

> .001 

9 

None 

+ 0.486 

0.02 

11 

None 

±0.173 

<0.1 

5 

Thiouracil 

±0.887 

> .001 . 

9 

Thiouracil 

±0.616 

> .001 

11 

Thiouracil 

+ 0.926 

> .001 

9 

Cretin Females 

±0.922 

> .001 


against the length of life in the cold (Fig. 4) . A significant correlation 
with a P value of less than 0.001 (Table 2) was obtained for the 
group at 5 weeks of age while no. significant correlation was obtained 
for the older groups. 

'Thiouracil Treated Rats 

The rats used in these experiments were started on 0.1% thiouracil 
in the drinking water at 3 weeks of age, i.e. the time of weaning. The 
animals in each experiment were divided into 2 groups, of which one 
group was exposed to cold (3 + 1°C.) and the otlier sacrificed at the 
same time without exposure to cold. The rats were plgced in the cold 
room at 5, 7, 9, 11, 13 and 15 weeks of age, i.e. 2, 4, 6, 8, .10 and 12 
weeks after the start of the thiouracil treatment. Body, adrenal, and 
thyroid weights of all animals were obtained and also the length of 
life in the, cold for the exposed group (Table 3). The data indicate a 
lack of correlation between resistance to cold and age. Animals 5 
weeks of age lived on the average of 8.4 ±0.9 hours in the cold and 
those 15 weeks old lived 10.7 + 1.6 hours; a difference that is defi- 
nitely not significant. Comparison of the thiouracil treated animals 
with normal animals indicates that, while the latter show an expected 
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Fig. 2. Changes in the size of the adrenal gland of normal and thiouracil treated 
rats under normal conditions and after exposure to cold. 



Fig. 3. Changes in the adrenal weights expressed as a percentage of the body 
weight in the normal and thiouracil treated rat under normal conditions and after 
exposure to cold. 
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Table 3. Changes in the Resistance to Cold and Growth of the Adrenal Gland 
OF Immature Female Rats Treated with Thiouracil 


mm 

Age 

weeks 

! 

Body Wt. — Grams 


Adrenal 

wt. 

mgm. 

Adrenal 

wt./body 

wt.XlOO 

Length 
of life 
in cold 
(hours) 

Start 

End 

Gain 

1 

Thiouracil for 2 weeks — No cold 

25 

5 ■ 

mm 

70.9 

±2.1 

36.8 

±1.7 


12.4 

±0.4 

17.6 

±0.4 

— 

Thiouracil for 4 weeks — No cold 

20 

1 7 

i 

1 36.1 1 
±0.7 1 

1 95.2 
±3.6 

1 59.1 
±3.3 

1 50.3 

±3.6 

1 17.2 

±0.7 

1 18.4 

±0.8 

— 

Thiouracil for 6 weeks — No cold 

19 

9 I 

35.6 

1 ±0.7 

117.5 

±3.8 

81.9 
[ ±3.7 

54.6 

±2.3 

19.6 

I ±0.8 

16.7' 

±0.5 

— 


Thiouracil for 8 weeks — No cold 


20 

11 

34.9 

150.0 

115.1 ' 

54.5 

28.3 

18.9 





±0.7 

±4.4 

±3.9 

±3.3 

±1.3 

±0.6 



Thiouracil for 10 weeks^— No cold 


20 

13 

1 36.7 1 

165.5 

128.8 

58.2 

28.7 

17.7 

■ . ■ 




±3.4 

±3.1 

±3.6 

±1.7 

±0.8 



Thiouracil for 12 weeks — No cold 


18 

15 

35.6 

156.5 

120.9 

60.4 

26.6 

16.8 

. - 



±0.7 

±4.6 

±4.7 

. ±4.5- 

±1.9 

±0.8 



Thiouracil for 2 weeks — Cold 


40 

5 

36.7 

75.9 

39.2 

27.6 

14.8 

19.4 

8.4 



±0.4 

±1.1 

±1.3 

±3.6 

±0.1 

±0.6 

±0.9 


Thiouracil for 3 weeks — Cold 


20 

7 

36.5 

±0.5 

114.3 

±1.7 

77.8 

±1.7 

46.1 

±2.6 

19.5 

±0.6 

17.1 

±0.5 

6.2 

±0.8 

Thiouracil for 6 weeks — Cold 

30 

9 

35.7 

±0.7 

130.2 

±3.8 

94.6 

±3.9 


26.0 

±1.7 

19.4 

±1.0 

19.0 

±3.0 


Thiouracil for 8 weeks — Cold 


19 

11 

36.5 

130.2 

93.7 

55.6 

25.2 

19.2 



±0.6 

±5.2 

±4.9 

±3.6 

±2.2 

±1.0 


Thiouracil for 10 weeks — Cold 


19 

13 

. 

36.7 

±0.6 

126.9 

±7.3 

90.2 1 
±7.5 

62.4 

±2.3 

21.0 

±2.2 

16.0 

±0.8 

* 9.8 

±2.-0 

Thiouracil for 12 weeks — Cold 

17 


35.5 

±0.7 

122.1 

±7.2 

86.6 

±6.9 

52.9 

±4.2 

24.2 

±1.6 

19.9 

±0.6 

m 


Standard error. 
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Adult Rats Treated with Thiouradl 

Experiments were carried out in which adult female rats were di- 
vided into 4 groups and treated in the following manner: 1) exposure 
to cold after 10 weeks of thiouracil treatment, 2) controls given 
thiouracil for 10 weeks, 3) normal animals exposed to cold and 4) nor- 
mal animals not exposed to cold. 

The data indicate that the resistance to cold in the thiouracil 
treated animals was markedly decreased (Table 4). The normal con- 
trol rats lived an average of 61.9 + 5.4 hours while the treated rats 
remained alive for only 22.5 + 4.8 hours; an unquestionably significant 
drop in resistance to cold. The data show also that the adrenals of the 
treated animals decreased in weight. This atrophy is apparent both 
with regard to the absolute weight of the adrenals and to the weight 
of the adrenals expressed as a percentage of the body weight. The 


Table 5. Failure of the Adrenal Gland and Lack of Resistance 
TO Cold in the Young Cretin Rat 


No. of 
Rats 

Age 

weeks 

Body wt. 
grams 

Thyroid 
wt. mgm. 

Adrenal 
wt. mgm. 


Length 
of life in 
the cold 
(hours) 

/ 

Males 

9 

3 

28.4 

±2.1* 

12.7 

±1.73 

6.2 

±0.37 

22.3 

±1.23 

1.3 

±0.115 

14 

4 

38.4 ' 

±1.54 

21.6 

±1.63 

8.3 

±0.397 

21.6 

±0.064 

1.4 

±0.0826 

C 

5 

46.5 

±3.4 

35.3 

±6.48 

Q ^ 

±6.956 

20.6 

±1.49 

2.1 

±0.375 - 

10 

7 

96.7 

±5.7 

50.6 

±3.28 

15.4 

±1.068 

16.1 

±0.958 

' 6.1 
±1.51 

6 

9 

113.5 

±10.5 

50.2 

±6.19 

16.0 

±1.98 . 

14.1 

±0.834 

6.2 

±1.495 




Females 



7 

3 

28.4 

±2.52 

14.7 

±2.17 

6.6 

±0.514 

23.7 

±1.51 

1.4 

±0.211 

23 

4 

37.3 

±1.86 

21.7 

±1.649 

■ 10.0 
±0.71 

24.3 

±1.055 

3.9 

±1.137 

12 

5 

46.8 

±3.235 

25.2 

±2.92 

Q 9 

±0;569 

20.5 

±1.369 

1.9 

±0.214 

9 

7 

80.0 

±5.3 

42.4 

±4.86 

12.8 

±1.23 

16.2 

±1.39 

3.0 

±0.593 

15 

9 

89.5 

±8.1 

48.1 

±2.84 

14.6 

±1.49 

16.5 

±0.84 

5.4 

±1.415 


* Standard error. 
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absolute adrenal weight in the normal rat was 60.5+2.4 mgm. while 
the thiouracil rats had adrenals with a weight of 44.2+2.5 mgm. Ex- 
posure to cold caused an increase in the adrenal weight of the normal 
rats (78.3 + 4.6 mgm.) whereas no significant change was noted in the 
adrenals of the thiouracil treated rats (45.5 + 2.4 mgms.). These dif- 
ferences are also apparent if the adrenal weights are expressed as a 
percentage of the body weight. As was expected the controls gained 
34.7 grams in body weight whereas the treated animals gained only 
19.3 grams; nevertheless, the atrophic changes in the adrenals were 
relatively much greater. 



Fig. 6. Correlation between the size of the adrenal gland ability to resist cold (2“ to 
4°) in the thiouracil cretinoid rat. Relationship between the weight of the adrenal 
gland of the cretinoid rat and its ability to withstand cold. 


Cretinoid Rais 

Studies were carried out on a group of young cretinoid rats of both 
sexes. These animals were obtained from mothers that had been on 
thiouracil treatment for at least two weeks prior to mating and kept 
on thiouracil until the young were weaned. After weaning, the young 
were continued on thiouracil for the duration of the experiment. All 
litters were kept with the mother for 4 weeks in place of the usual 
3 weeks in an attempt to keep the size of the young rats constant. 
However, in spite of this precaution large variations in weight oc- 
curred. 

These animals (Table 5) showed no increase in their ability to 
resist cold as the}’- grew older. They behaved in a manner similar to 
that found for rats .started on thiouracil at the time of weaning both 
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with regard to theii- resistance to the cold (Fig. 1) and size of their- 
adrenals (Fig. 2). The weights of the adrenals of cretinoid rats that 
had been exposed to cold were significantly less than those for the 
normal controls. As noted with the other , thiom’acil treated rats the 
cretinoids also showed a definite relationship between length of life 
in the cold and adrenal weights (Fig. 6) and a significant correlation 
for the fit of the data (Table 2). 

DISCUSSION 

It is apparent from the present data that definite morphological 
changes take place in the adrenal cortex of rats placed on thiouracil 
treatment. Although a contradictory literature exists with regard to 
this point, as was indicated in the Introduction, part of the contradic- 
tion may be due to the length of treatment. Our results indicate that 
it is necessary to keep the rats on thiouracil for more than 2 weeks 
before definite atrophic changes may be observed in the adrenal cor- 
tex. It has also been argued that any changes in the adrenal cortex 
are merely a reflection of loss in body weight (Le blond and Hoff, 
1944; Leathern, 1945). In the present investigation though a loss in 
weight was encountered, nevertheless, the atrophic changes in the ad- 
renal gland were far greater. Thus, when the adrenal weights -were 
expressed as a percentage of the body weight, a highly significant 
decrease in the weight of the adrenal cortex was still found. 

The loss in the weight of the adrenal cortex was obtained following 
treatment with thiouracil when: 1) treatment was started in the 
mother prior to pregnancy and continued in the young, 2) treatment 
was started at 3 weeks of age and 3) treatment was started after the 
rats had reached maturity. We may thus conclude that thiouracil not 
only inhibits the growth but also produces a true n,trophy.of the ad- 
renal cortex. 

These results are not too surprising in view of the early work of 
Hoskins (1910) and confirmed by Gardner (1942) that thyroid feeding 
causes adrenal hypertrophy and the work of Zeckwer (1938) indicat-, 
ing that thyroidectomy caused a loss in the weight of the adrenal 
cortex of the female rat. If one considers thiouracil treatment in the 
simplest concept as a chemical thyroidectomy one might expect ad- 
renal involution. 

The complementary action of the adrenal cortex and the thyroid 
in protection against cold has been apparent for some time. Such a 
relationship has been shown for other activities also. In 1934 Koelsche 
suggested a thyroid-adrenal cortex interrelationship with respect to 
nitrogen balance. This has been confirmed by Wells and Chapman 
(1940) while White and Dougherty (1947) suggest that adrenal corti- 
cal secretion has an augmenting influence on thyroid activity. Thus 
it would appear that a complementary thyroid-adrenal relationship 
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exists with regard to several activities and that with respect to cold 
protection antithyroidal drugs inlubit both the thyroid and the ad- 
renal cortex. 

It has been shown by numerous investigators that the adrenal 
cortex will protect animals against cold exposure. This procedure has 
been used for the assay of cortin (Selye and Schenker, 1938), DCA 
(Zarrow, 1942) and 11-oxy corticosteroids (Dorfman, Shipley, Schiller, 
and Horwitt, 1946) . The latter have also shown that the 1 1-oxycorticos- 
teroids are far more actii'^e than the DCA compound in protection 
against cold. Furthermore, Deane and Creep (1947) have indicated 
that in hypothyroidism, due either to thyroidectomy or thiouracil 
treatment, the steroid content of the adrenal as shown by histochemi- 
cal techniques decreases markedly. The present results indicate that 
the morphological involution of the adrenal is accompanied by a 
physiological involution as shown by the marked decrease in the 
ability of the rat to withstand cold after thiouracil treatment. ErshoS 
(1948) has also indicated a decreased resistance in the rat after treat- 
ment with antithyroidal drugs. In view of the work of Deane and 
Creep (1947) it would appear that thiouracil treatment distm'bs the 
formation of the ll-ox'j'corticosteroids. 

It is of fm-ther interest to note that a definite relationship was ob- 
tained between the weight of the adrenal glands of thiouracil treated 
rats and their resistance to cold. In the normal group this relationship 
was found only in. the 5 week old rats and not in the older age groups. 
This may indicate that when the animal gets older its reserve of ad- 
renal tissue is much greater than its immediate needs, and conse- 
quently a relationship between adrenal size and function is apparent 
only in the normal young rat or in the thiouracil treated rat. In the 
latter instance, the resulting involution has probably been sufficient 
to diminish the reserve and thus bring out the relationship. 

Failure to obtain adrenal hypertrophy in the thiouracil treated 
rats cannot be regarded as due to an insufficient length of exposure. 
Adult rats treated with the drug lived in the cold for a period of 
22.5+4.8 hours and it has been shown that 12 hours of exposure to 
stress is sufficient to cause adrenal hypertrophy (Ingle, 1938). It 
would appear then that this lack of response might be due either to a 
lack of ACTH from tlie pituitary or an inability of the adrenal to 
react to the available ACTH. 

SUMMARY AND CONCLUSIONS 

Treatment of young female rats with thiouracil for 6 weeks or 
longer results in an atrophy of the adrenal cortex. This change is not 
- due to a loss in body weight of the treated animal for the adrenals are 
much lighter when expressed either as an absolute figure or as a per- 
centage of the bodj’^ weight. The same situation occurs also in the 
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cretinoid rat and in mature animals. Thus one may conclude that the 
drug not only inhibits the growth of the adrenals but also causes a 
true involution. 

Exposure of thiouracil treated rats to a temperature of 3 + 1°C. 
indicates an unquestionable decrease in the ability of the animal to 
withstand cold. Thus the involution of the adrenal cortex after 
thiouracil treatment is both of a morphological and physiological na- 
ture. Within single age groups of thiouracil treated rats, a definite and 
constant relationship is noted between the size of the adrenal cortex 
and the resistance to cold. This relationship is found to exist only in 
the 5 week old group among normal rats. No adrenal hypertrophy 
occurs in the thiouracil treated rats after exposure to cold. 
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INFLUENCE OF STEEOID HORMONES ON 
GRANULATION TISSUE 
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INTKODUCTION 

Studies concerning the influence of steroid hormones upon con- 
nective tissue have, for the most part, been restricted to pelvic or sex 
organs (Loeb, Suntzeff and Burns, 1939; Gardner and Pfeiffer, 1943; 
Hall, 1947; Hall and Newton, 1947; Talmage, 1947; Emery and Law- 
ton, 1947). More recently the influence of steroids, particularly des- 
oxycorticosterone acetate, upon the body as a whole with the produc- 
tion of specific or systemic effects has been stressed by Selye (1943, 
1944, 1946; Selye, Sylvester, Hall and Leblond, 1944). We desired to 
study the effects, of -different steroid hormones on connective tissue 
in laboratory animals under controlled conditions. 

We became interested in one particular phase of this problem, i.e. 
the response of connective tissue to inflammation under the influence 
of selected steroid hormones. It was thought that one method would 
be to observe actively growing granulation tissue in experimental ani- 
mals. Sterile turpentine abscesses were produced in adult and growing 
rats and the resultant granulation tissue in their walls studied. A 
comparison was then made between the response of the granulation 
tissue in normal animals and those which were under the influence of 
desoxycorticosterone acetate, testosterone propionate, or estradiol 
dipropionate in excess. Another series of animals were rendered com- 
paratively free of circulating steroid hormones by the extirpation of 
the adrenals and gonads, and their responses were observed. 

MBTHODS- 

T\yo series of rats of the Sprague-Dawley strain were employed. The first 
consisted of male adults each weighing 200 grams and the second of young 
males and females 40 to 50 grams in weight. Nine adults were employed in 
each of the following groups: (1) controls, (2) those receiving 1 mgm. of 
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desoxycorticosterbne acetate, (3) animals receiving 2.5 mgm. of testosterone 
propionate, (4) animals receiving 1 mgm. of estradiol dipropionate, and (5) 
adrenalectomized and castrated rats. All steroid hormones were adminis- 
tered daily for a period of five weeks. Estradiol dipropionate and testosterone 
propionate were dissolved in sesame oil, desoxycorticosterone acetate in 
sesame or peanut oil. 

Two groups, each consisting of four animals were given only peanut and 
sesame oil respectively, before producing abscesses. 

The series of young animals, females as well as males, were divided into 
groups of five rats each, which were treated similarly to the above, excepting 
that the dosage of desoxycorticosterone acetate was 0.5 mgm., of testosterone 
propionate 1 mgm., and of estradiol dipropionate 0.5 mgm. Hormones were 
administered four times a week.- Adrenalectomized-castrated animals were 
not employed in this series. 

Using 0.5 cc. of turpentine U.S.P., abscesses were produced in all animals 
subcutaneously over the right scapular region. These were induced after the 
hormones or the oil had been administered for five weeks, and in the adrenal- 
ectomized-castrated animals three days post-operatively. One or several ani- 
mals of each group were sacrificed daily beginning on the day of abscess in- 
duction. 

Immediately upon sacrificing each animal the abscess was excised and 
fixed in a 4% formaldehyde solution. Histologic preparations were stained 
with iron hematoxylin and eosin, Masson’s trichrome stain for the study of 
collagen, and Schiff’s reagent after tx'eatment of the tissue with periodic acid, 
for the differentiation of ground substance, and “glycogen” containing ele- 
ments. 

The abscess walls were examined in each instance with particular refer- 
ence to certain features. In order to establish a standard with which to com- 
pare the amount of fibroblastic response, a histologic constant was sought. 
The wall of leukocytes immediately adjacent to the turpentine was of similar 
thickness in all animals examined. This was designated as “L” and given a 
figure of one. The thickness of the fibroblastic wall was designated as “F” 
and used as a numerator in the ratio F/L. In addiUon, in an attempt to 
judge the exuberance of the fibroblastic response it was graded from one to 
five. The appearance of the fibroblasts in the controls on the fourth day of 


^ The diets consisted of Purina Dog Chow Pellets. In addition, adrenalectomized- 
castrated animals received 0.9% saline solution in place of tap water. 


Figs. 1-5 inclusive, XI 60, illustrating granulation tissue in walls of four day old 
turpentine abscesses. Delimiting zone of necrosis and polymorphonuclear leukocytes 
on extreme left of each figure. Figs. la-5a inclusive, X640, illustrating types of fibro- 
blasts. All sections stained with iron hematoxylin and eosin. 

Figs. 1 and la. Abscess in control animal. 

Figs. 2 and 2a. Abscess in animal receiving excesses of desoxycorticosterone acetate. 
Note thickness of wall of granulation tissue and large multipolar plump' fibroblasts. 

Figs. 3 and 3a. Abscess in animal receiving testosterone propionate. Note thinness 
of fibroblastic wall and sparse, small fibroblasts. 

Figs. 4 and 4a. Abscess in animal receiving estradiol dipropionate. Note almost 
complete absence of granulation tissue and very thin fibrillar fibroblasts. 

Figs. 5 and 5a. Abscess in adrenalectomized-castrated animal. Note close similarity 
to that of control. 
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the turpentine abscesses was designated as three. A fibroblastic response of 
one and two was considered inferior and that of four and five superior to 
that of the controls. The types and histologic appearance of the fibroblasts 
were studied. In addition, the ground substance or collagen was noted from 
the point of view of its t 3 ’-pe of distribution and staining properties with 
Masson’s trichrome stain and the periodic acid routine. Other factors such 
as the vascular response and localization of the abscesses were also noted. 

RESULTS 

The abscesses, even grossly, showed differences. Those animals in 
the first series which received desoxycorticosterone acetate had 
thicker abscess walls which were more sharply demarcated than any 


Table 1. Adult Rats — Summary of Fourth and Fifth Days 
RFTER Induction of Turpentine Abscesses 



F/L 

Fibro- 

blastic 

res^jonse 

Types of 
fibroblasts 

Collagen 

Miscellaneous 

Controls 

2 

3 

Large, with 2 or more 
processes 

Moderate amount in 
coarse clumps 


Desoxycorticosterone 

acetate 

4-4.5 

5 

Luxuriant, large, much 
activity, prominent nu- 
cleoli 

Diffuse, homogene- 
ous, pale staining 

Granulation tissue 
thick, well demar- 
cated 

Testosterone 

propionate 

1-1.5 

1 

Thin, spindle-shaped, 
sparse 

Very scant. Occa- 
sional coarse clumps 

Poorly demarcated 
abscesses 

Estradiol 

dipropionate 

0-0.5 

0-1 

Difficult to find. Thin, 
fiat, small 

Usually absent. Oe- 
c.asional delicate 

strands 

Gr.anulation tissue 
very difficult to 
find 

Adrenalectomized- 

enstrated 

2-2,5 

1-2 

Thinner, smaller nu- 
elei, less cytoplasm 

Sparse coarse clumps 



of the others. In addition, the abscesses in these animals healed faster 
than in any of the other groups and terminated as zones of fibrosis 
early. The contrast was greatest grossly as well as microscopically be- 
tween the desoxycorticosterone group and the rats which had received 
the sex hormones. The latter animals, particularlj’' those receiving 
estradiol dipropionate, had abscesses which were so poorly defined 
that within the first four to five days they could be identified grossly 
only with greatest difficulty. At the termination of the experimental 
period, their walls were barely discernible, thin, and very poorly de- 
marcated from the surrounding edematous subcutaneous tissue. 

A summary of the microscopic picture of the abscesses in the adult 
rats is given in Table 1. 

The control group of turpentine abscesses in both series went 
through a similar development. During the first two days tliere was 
extensive edema, moderate numbers of polymorphonuclear leukocytes 
and large macrophages filled with foamy material around the central 
accumulations of turpentine. Granulation tissue, as evidenced by thin- 
walled capillaries and proliferating fibroblasts was noted as early as 
the second day. By the third daj'- the F/L ratio was 0.5. There were 
many large macrophages and the fibroblastic response was graded as 
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zero to one. Collagen was apparent as concentric coarse blue-staining 
clumps with hlasson’s triclirome stain. On the fourth day the F/L 
ratio was two. The fibroblastic response was graded as three. The 
cellular elements consisted of a mixture of moderately large and ac- 
tive fibroblasts, man3’’ thin-walled capillaries perpendicular to the 
center of the abscess, and macrophages. Collagen became more abun- 
dant, appeared in concentric lamellae, and was often seen in coarse 
clumps. There followed a gradual increase in the amount of collagen 
and fibroblasts. The latter increased in number but decreased in 
thickness and size. Thej'' assumed a more mature appearance, became 
elongated, thin and flattened. These alterations corresponded with an 
increase in collagen and the appearance of denselj’’ staining collagen 
in thick coarse lamellae. Inflammatorj’- cells, except for the central 
zone of polsmiorphonuclear leukoc^des and macrophages, disappeared. 
From the sixth daj’' onward the F/L ratio averaged five. The periodic 
acid routine with Schiff’s reagent added little to the observations. 
Pink-staining fibers and strands between fibroblasts corresponded 
rouglilj’- with the material staining blue with Masson’s trichrome 
stain. The intercellular pink-staining material apparently'' was either 
part of or coincident with the collagen fibers. The onlj' feature not 
revealed pre\'iousl3’’ bj’’ other staining methods was the appearance of 
pink-staining granules within fibroblasts beginning at about the fifth 
da}’’ in the control group. 

The animals receiving onlj’’ sesame or peanut oil developed turpen- 
tine abscesses similar to the above control group. 

The animals recemng desoxycorlicostcrone acetate revealed several 
prominent differences from those of the controls. The most pro- 
nounced was the thickness of the granulation tissue. The F/L ratio 
was four to four and one-half from the fourth to sixth days. The fibro- 
blastic response was extreme. Tliis was graded as four to five. The indi- 
vidual cells were large with very large nucleoli and abundant cyto- 
plasm. Frequent mitoses were seen. These cells had numerous cyto- 
plasmic processes which often gave them a stellate appearance. There 
was little or no orderly arrangement of the fibroblasts, whereas in the 
control group thej’- tended to a lamellar arrangement about the central 
abscess cavity. The appearance of the collagen laid down between 
these fibroblasts was striking. It distinguished the abscesses of the 
desoxj’-corticosterone acetate animals from any of the others. The col- 
lagen was very abundant and diffuse. Instead of being arranged in 
clumps, it had a homogeneous, almost glassj'', appearance and stained 
light blue with Masson’s trichrome stain. The delimitation of these 
abscesses occurred early in their development and was veiy distinct. 
Almost complete cicatrization appeared one to two days earlier than 
in the controls. Capillarization was abundant and profuse. 

The following differences appeared in the animals which had re- 
ceived testosterone 'propionate and estradiol dipropionate. The abscesses 
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in both of these were very poorly defined, their walls thin, almost 
comple^tely void of granulation tissue and consisted almost entirely of 
polymorphonuclear leukocjdes. The F/L ratio in the animals treated 
with testosterone propionate on the fourth day was , one to one and 
one-half. The fibroblastic response was graded as one; the fibroblasts 
were sparse, very thin and spindle shaped. Collagen appeared in ex- 
tremely rare, coarse clumps. The lack of response was more pro- 
nounced in rats receiving estradiol dipropionate. The F/L ratio in the 
first series of animals was zero to one-half. Granulation tissue was 
often impossible to find and fibroblasts were extremely scarce. When 
found they were small. Intercellular collagen was very sparse and 
when encountered was in thin delicate strands. 

The first series also contained a group of animals which were cas- 
trated and adrenalectomized and thus were deprived of the two chief' 


Table 2. Young Groaving Rats — Summary of Fourth and Fifth 
Days after Induction of Turpentine Abscesses 



F/L 

Fibro- 

blastic 

response 

Types of 
fibroblasts 

Collagen 

Controls — Males 

3.5 

3 

Moderately thick and large, mo- 
derately active 

Coarse clumps, moderate a- 
mount 

— ^Females 

2 

3 

Moderately thick and large, mod- 
erately active but smaller than 
desoxycorticosterone acetate an- 
imals 

Occasional 6brillar strands 

Desoxycorticosterone 
acetate — Females 

2.5 

4 

Large, luxuriant, active, numer- 
ous 

Diffuse, pale staining 

Testosterone 
propionate — Males 

1-1.5 

2 

Thin, very sparse 

Sparse, in clumps. In some can- 
not be found 

— Females 

0 

1 

Thin, sparse 

Clumps, many very coarse 

Estradiol dipro- 
pionate — Males 

1.5-2 

1-2 

Very thin, sparse 

Very sparse clumps — often ab- 
sent 

— Females 

0.5-1 

0-1 

Thin, sparse 

Sparse, in occasional thin fibers 
bers and clumps 


sources of steroid hormones. The F/L ratio was slightly greater than 
the controls and averaged two and one-half in the four and five day 
abscesses. The fibroblasts were predominantly of the bipolar variety, 
tended to be smaller and flatter than those of the controls. In addition, 
the fibroblastic response was much less evident and was graded be- 
tween one and two. Collagen was very sparse and appeared only as 
rare, coarse clumps. 

In the series of young animals (Table 2) the response as judged 
by the F /L ratio was not as pronounced and there was one discrep- 
ancy as compared with the adults. The F/L ratio of a male control 
was three and one-half as compared with two and one-half for that of 
the desoxycorticosterone acetate. Despite the relatively slight differ- 
ences in the F/L ratios in the two series of animals, the fibroblastic 
responses, types of fibroblasts, and type and distribution of collagen 
were similar in both. Gross changes of some significance were seen in 
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the animals. The gain in weight of the male controls was much more 
rapid) and terminally these animals weighed 85 to 100 grams more 
than the females which had received desoxycorticosterone acetate. 

The periodic acid and Schiff’s reagent routine added little to the 
observations. Pink-staining intercellular material paralleled in dis- 
tribution and amount the collagen fibers as noted vuth Masson’s 
trichrome stain. In addition, red granules were noted within some 
fibroblasts in greater amounts within the desoxycorticosterone ani- 
mals and were practically absent in those treated with sex hormones. 
Whether this intracellular material was secretion produced by large 
macrophages or ingested glucoportein from necortic connective tissue 
was not determined. 

Of some interest was the variation in weights of the growing young 
animals as summarized in Table 3. Injections of testosterone pro- 
pionate and estradiol dipropionate inhibited the growth of young ani- 
mals. This was particularly true of the latter hormone. 

Table 3 


Weight in grams Weight in grams 

at start of at end of 

experiment experiment 



Female 

Male 

Female 

Male 

Controls 

40-50 

40-50 

150-160 

200-255 

Desoxycorticosterone acetate 

40-50 

40-50 

115-150 


Testosterone propionate 

40-50 

40-50 

116-130 

135-160 

Estradiol dipropionate 

40-50 

40-50 

95-100 

95-105 


DISCUSSION 

The characteristic structure of granulation tissue in turpentine 
abscesses was studied in control animals as well as those receiving 
excesses of various hormones. Our experiments have shown that the 
administration of steroid hormones, i.e. desoxycorticosterone acetate, 
testosterone propionate, and estradiol dipropionate, and the removal 
of organs producing steroid hormones, have an effect on granulation 
tissue. 

The results wez’e outstanding in two major groups of animals. 
Those receiving desoxycorticosterone acetate manifested an exuber- 
ant fibroblastic response with many giant young fibroblasts and the 
laying down of a diffuse homogeneous groundwork of collagen. In 
sharp contrast, animals receiving sex hormones showed an inhibitory 
influence on granulation tissue with sparse and small fibroblasts and 
scant collagen clumps. Although of small amount in both, the collagen 
in the animals receiving estradiol dipropionate was of a finer, more 
delicate pattern and more sparse. In those recemng testosterone pro- 
pionate the collagen was in coarser clumps. 

Strangely enough, in castrated-adrenalectomized animals the re- 
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sponse of the granulation tissue was only slightly inferior to the con- 
trols. 

At the present time we are unable to apply the known physiologic 
functions of these hormones to our observations. However, two 
factors must be considered. First, a possible direct influence of the 
administered hormones upon the proliferating granulation tissue 
and, second, an indirect influence. Among the latter are alterations in 
other mechanisms which ma,y influence granulation tissue. In the case 
of desoxycorticosterone acetate, which profoundly affects water and 
salt metabolism, it is possible that our results are actually due to 
electrolytic changes. This is suggested by Selye's observations (1943) 
that salt-free diets inliibit the proliferation of vascular connective 
tissue in the kidneys in animals under the influence of desoxj^corticos- 
terone acetate. Influx of electrol 3 d;es into healing wound territory was 
reported previously (Andreesen and Tammann, 1933; Tammann, 
Bluemel and Roese, 1933). Potassium, in particular, seemed to pla}" 
a major role. The part of the suprarenal cortex in these processes is 
unknown. Although it has been suggested (Selj'^e, 1947) that wound 
healing is retarded in adrenalectomized animals and improved bj"- ad- 
ministration of adreno-co'rtical extracts, our experiments show that 
even in the absence of suprarenals, granulation tissue is able to grow 
well. 

The influence of sex hormones upon wound healing has been re- 
viewed by Arey (1936). Earlier experiments are inconclusive. Inhibi- 
tion of the anterior pituitary by excesses of sex hormones may explain 
the extremely poor response of the granulation tissue in animals re- 
ceiving testosterone propionate and particular!}'- estradiol dipropio- 
nate. This mechanism is suggested in our young animals in -udiich the 
marked inhibition of growth of some rats receiving the sex hormones 
may have secondarily altered the histologic characteristics of the 
granulation tissue. Stunting of growth after administration of large 
doses of estrogenic hormones has been reported by many observers 
(Gardner and Pfeiffer, 1943). Doubts were raised as to whether this 
occurs through inhibition of the pituitary or bj’- direct influence upon 
the epiphyseal cartijage (Gaarenstrom and Le vie, _ 1939; Griflith and 
Young, 1942). Work is in progress to determine the exact roles of the 
aboA^e mentioned factors in formation of granulation tissue. 

SUMMARY AND CONCLUSIONS 

Granulation tissue in the -walls of turpentine abscesses in normal 
rats as w'ell as those receiving excessive a;mounts of A'-arious steroid 
hormones was studied. The results were compared with animals ren- 
dered relatiAmly A'-oid of steroids tlirough adrenalectomy and castra- 
tion. 

Desoxycorticosterone acetate stimulates fibroblasts and encour- 
ages the deposition of a homogeneous diffuse groundivork of collagen. 
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Testosterone propionate inhibits granulation tissue with the pro- 
duction of scant coarse clumps of collagen. 

Estradiol dipropionate inhibits fibroblastic response to an even 
greater degree than testosterone. The collagen fibers are more delicate. 

Adrenalectomy and castration of rats results in granulation tissue 
only slightly inferior in the fibroblastic response, the type, and 
amount of collagen of the control animals. 

The possible factors in the production of these results were dis- 
cussed. 
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THE EFFECTS OF INDUCED HYPER- AND HYPO- 
THYROIDISM ON THE RESPONSE TO A CON- 
STANT DOSE OF PREGNANT MARE’S 
SERUM IN IMMATURE MALE RATS 
AND MICE' 

JOSEPH MEITES and B. CHANDRASHAKER 
From the Departments of Physiology and Pharmacology, 

Michigan State College- 

EAST LANSING, MICHIGAN 

The influence of altered levels of tlijn-oid activity on the response 
to administration of gonadotrophic or gonadal hormones has not been 
adequately clarified. The reports available to the authors on this sub- 
ject have been summarized in Table 1. It can be seen that in most 
instances the response of rats to the injection of gonadotrophic or 
gonadal hormones was increased following thyroidectomy but was 
decreased following thyroid or thyroxine administration. There are 
several exceptions, however. Grumbrecht (1939) reported an increase 
rather than a decrease in ovarian response to a gonadotrophin follow- 
ing thyroid feeding. Insofar as the response to pregnant mare’s serum 
in the rat is concerned, Leonard and Hansen (1936) and Bischoff and 
Clarke (1941) noted that thyroidectomy had no effect while Smelser 
and Levin (1941) observed an increase in response. 

Fluhmann (1934), Leonard and Hansen (1936) and Leonard (1936) 
stated that gonadotrophins of pituitary and non-pituitary origin may 
not be affected similarly by the same thyroid alterations. This would 
account for their finding an augmented effectiveness of sheep pituitary 
gonadotrophin following thyroidectomy, in contrast to an unaltered 
effectiveness of human pregnancy blood extract,- human pregnancy 
urine and pregnant mare’s serum. The later reports by Bischoff and 
Clarke (1941), Smelser and Levin (1941) and our observations do not 
bear out this supposition. 

It is worthy of note that all workers who have dealt with the ef- 
fects of altered thyroid status on the response to administered gonado- 
trophins have used only the rat. Conclusions have been drawn from 
these studies on the rat which may not be applicable to other species. 
In the reports on the effects of induced hyperthyroidism by feeding 

Received for publication December 30, 1948. 

* The data herein were reported in part before the annual meeting of The American 
Society of Animal Production, held in Chicago, 111., Nov. 27, 1948. 

- Published with the approval of the Director of the Michigan Agricultural E.xperi- 
ment Station as Joimnal Article No. 1010 (n.s.). 
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desiccated thyroid or thyroxine, it appears doubtful that dosage levels 
were always adequately considered. A high dosage of thyroid hormone 
may have an entirely different effect on gonadotrophic activity, than 
a low dosage, a fact which will be brought out particularly in our 
mouse experiment. 

The objectives of the experiments reported here were (1) furtlier 
to clarify the influences of induced hypothyroidism and hyperthy- 
roidism on the response to the administration of a gonadotrophic hor- 
mone, and (2) to determine whether conclusions previously drawn 
from studies in the rat are also applicable to the mouse. 

PROCEDURE 

A total of 1 10 immature male albino rats of the Michigan State College 
strain and 120 immature male albino mice (Rockland strain) were used for 
these studies. Various degrees of hyperthyroidism were induced by incorpo- 
rating thyroprotein® in the ration (Purina Laboratdrj’’ Chow) in concentra- 
tions of 0.02 to 0.64 per cent, and feeding each mixture for a ten day period. 
Hypothyroidism was induced by including 0.1 per cent thiouracil in the ration 
and feeding for four to twenty day periods. Those groups of rats and mice 
which were to receive thiouracil for the longer periods were started at an 
earlier age in order to reach approximately the same body weights at the end 
of the experiment as the groups treated for shorter periods. The initial 
weights and ages of the rats averaged 39.6 to 66.4 grams and 21 to 30 days 
respectively, and their final weights and age were 90.8 to 111.0 grams and 
about 40 days respectively. The initial weights of the mice averaged 11.5 to 
14.3 grams, and their final weights averaged 17.1 to 23.4 grams. 

A constant dose of pregnant mare’s serum (Gonadogen)^ one-half Cart- 
land-Nelson unit, was always injected during the last four days of thyro- 
protein or thiouracil feeding. Preliminary trials with several dosages of 
Gonadogen indicated that one-half unit produced about a hundred per cent 
increase in the combined weights of the seminal vesicles and coagulating 
glands® of either rats or mice. The weight increases were calculated on a 100 
gram body weight basis, and the standard deviation of the mean was deter- 
mined for each group. Moore (1939), Leonard and Hansen (1936), Bishop 
and Leathern (1946) and others have demonstrated that testis weight in' im- 
mature male rats and mice is but little affected by gonadotrophin injections, 
whereas a marked response occurs in accessory sex glands such as the seminal 
vesicles and coagulating glands. 

Two control groups, one untreated and the other injected with Gonado- 
gen only, were run with each series of thyroprotein or thiouracil treated ani- 
mals. The effects of thyroprotein or thiouracil alone were also determined in 
both rats and mice. The experiments were conducted between April and 
August, 1948, during which time the animals were housed in a temperature 
controlled room (Mean of 74°F). 

* An iodinated casein product (“Protamone”) containing approximately three per- 
cent thyroxine as determined by chemical assay. "Protamone” was made available 
through the courtesy of the Cerophyl Laboratories Inc., Kansas City, Mo. 

* Kindly supplied by the Upjohn Company, Kalamazoo, Mich. 

^ Henceforth referred to only as seminal vesicles. 
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Table 2. Effects of Thioukacil or Thtrophotein on Combined Weight of 
Seminal Vesicles and Coagulating Glands op Immature 
AIale Rats and Mice 


Species 

No. 

per 

group 

Treatment 

Dura- 

tion 

days 

Imtial 

wt., 

e. 

Final 

wt., 

S' 

Testis 

wt., 

mg. 

Testis 

wt. 

100 g. 

final 
body 
wt., mg. 

Sem,* 

ves, 

n*t. 

mg. 

Is 

Rat 

5 

None 

10 

53.0 

103.7 

724.6 

698.7 

25.1 

24.4 

Rat 

5 

0.1 % thiouracil 

10 

63.6 

101.4 

861.0 

840.8 

22.8 

gg_4 

Rat ' 

5 

0.32% thyroprotein 

10 

59.6 

110.3 

992.8 

900.1 

26.1 

23.7 

Mouse 

9 

None 

10 

12.0 

19.3 

105.1 

647.6 

27,6 

142.7 

Mouse 

7 

0.1 % thiouracil 

10 

12.6 

20.1 

110.4 

549.2 

29.4 

146.2 

Mouse 

7 

0.32% thyroprotein 

10 

11.8 

22.5 

124.8 

554.6 

34.0 

151.1 


* Represents combined wt. of seminni vesicles and coseulsting glands. 


RESULTS 

The effects of ten days treatment with 0.1 per cent thiom’acil or 
0.32 per cent thyroprotein alone on the seminal vesicles of the imma- 
ture rats and mice are shown on Table 2. It can be seen that neither of 
these substances had any noteworthy effect on the weight of the semi- 
nal vesicles. Apparentlj-- the secretion of pituitary gonadotrophins is 
but little affected by altering thyroid function during this stage of life 
in the animals. The short treatment as well as the dosages of the two 
substances administered may also account in part for the negative 
effects. 

EAT EXPERIMENTS 

The effects of thiouracil on the response to Gonadogen in the rats 
are tabulated in Table 3. Gonadogen alone eheited a 107 per cent in- 
crease in seminal vesicle weight. Four days of feeding with thiouracil 
caused a slight but insignificant increase in response to Gonadogen. 
Ten days of thiouracil feeding almost doubled the response of the 


Table 3. Effects of Thiouracil on Response to a Constant Dose 
OP Gonadogen in Immature Male Rats 


No. 

rats 

Treatment 

Initial 

wt„ 

g> 

Final 

wt., 

E* 

Testis 

wt., 

mg. 

Testis wt. 

100 g. 

final 
body 
rvt., mg. 

Sem,* 
ves, ' 
wt,, 
mg. 

Sem. ves. n’t. 

100 g. 

final 
body 
nt., mg. 

Increase 

o^’er 

controls 

wt.. % 

5 

Controls 

61.8 

110.4 

606.5 

549.1 

26.2 

23. 6 ± .72t 


5 

Gonadogen only 

64.8 

110.0 

950.9 

856.0 

65,2 

49.0± 8.2 

+107.6 

5 

0.1% thiouracil for 4 
days, and Gonadogen 

66.4 

UO.G 

872.9 

789.2 

61.3 

55.4± 8.8 

+134.7 

5 

0.1% thiouracil for 10 
days, and Gonadogen 

63.8 

104.2 

940.4 

902.5 

73. S 

70. 9± 8.6 

+200.4 

4 

0.1% thiouracil for 10 
da\'s, and Gonadogen 

60.0 

103.8 

1192.S 

1149.1 

77.4 

74. 6± 6.7 

+211.4 

5 

0.1% thiouracil for 15 
das’s, and Gonadogen 

40.0 

90-8 

1096,9 

1203.1 

95.3 

104.6± 6.6 

+343.2 

5 

0.1% thiouracil for 20 
da>*s, and Gonadogen 

39.G 

91.0 

1177.2 

120S.7 

106.4 

115.8±24.2 

+390.7 


* Represents combined wt. of sctni oal vesicte s and coagulating glands. 


t Standard error of the mean - At 

T n(n-i) 
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seminal vesicles to Gonadogen injection. The fifteen and twenty day 
treatments with thiouracil at least tripled the response to Gonadogen. 
It is evident that as the degree of thiouracil-induced hypothyroidism 
was increased in the rat, the greater was the response to a constant 
dose of pregnant mare’s serum. 

Thyroprotein feeding reduced the effectiveness of Gonadogen 
(Table 4). Gonadogen alone elicited a 107 per cent increase in weight 
of the seminal vesicles. The addition of 0.02 or 0.04 per cent thyro- 
protein produced no significant alteration in gonadotrophic response, 
but higher concentrations progressively inhibited the response. The 
highest level of thyroprotein fed, 0.64 per cent, appears to have com- 
pletel}’- inhibited the action of the pregnant mare’s serum on the semi- 
nal vesicles. 


Table 5. Effects of Thiouracil on Response to a Constant Dose 
OF Gonadogen in Immature Male Mice 


No. 

mice 


Initial 

wt., 

g> 

Final 

wt.. 

g. 

Testis 

wt., 

mg. 

Testis wt., 

Sem.* 

ves. 

wt., 

mg. 

Sem. ves. wt., 

Increase 

over 

controls 

Treatment 

100 K. 

final 
body 
wt., mg. 

100 g. 

final 

rag. 

100 g. 

body 
wt., % 

s 

Controls 

12. S 

22.8 

158.2 

693.3 

36.2 

158.5±14.7t 


6 

Gonadogen only 

13.3 

17.3 

111.9 

648.3 

55.2 

321.7± 4.9 

+102.9 

8 

0.1% thiouracil for 4 
cla5*3, and Gonadogen 

13.7 

17.1 

113.4 

661.3 

38.2 

222.9±17.4 

+ 40.6 

S 

0.1% thiouracil for 7 
daj-s, and Gonadogen 

13,2 

21.1 

125.0 

592.8 

42.7 

202.7±21.5 

+ 27.8 

S 

0.1% thiouracil for 10 
days, and Gonadogen 

12.2 

20.4 

125.7 

616.3 

50.7 

248.4±23.2 

+ 56.7 

8 

0.1% thiouracil for 15 
daj’s, and Gonadogen 

12.0 

21.8 

143.0 

657.0 

51.4 

236.1±14.2 

+ 48.9 

6 

0.1% thiouracil for 20 
days, and Gonadogen 

11.5 

20.9 

154.7 

139.6 

53.6 

25e.5±22.3 

+ 61.8 


* Represents combined wt. of serainal vesicles and coaeulating glands, 
t Standard error of the mean. 


MOUSE EXPERIMENTS 

In contrast to the rat, the effectiveness of Gonadogen in the mouse 
was reduced by thiouracil and augmented by thyroprotein feeding. 
In the thiouracil series (Table 5), the pregnant mare’s serum alone 
caused a 103 per cent increase in seminal vesicle weight. The thiouracil 
treated groups all showed a significantly reduced capacity to respond 
to Gonadogen, although in no group was the response completely in- 
hibited. 

The feeding of thyuoprotein caused an increase in response to 
Gonadogen in all groups, with the exception of the group fed the 
highest concentration of thyuoprotein, 0.64 per cent (Table 6). The 
latter level of thyuoprotein slightly reduced the effectiveness of Go- 
nadogen, emphasizing the importance of dosage levels of thyuoidal 
substances. In general, it can be stated that immature male mice and 
immature male rats react opposite^ to the same gonadotrophic stimu- 
lus during similar alterations in thyroid function. 
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Table 6. Effects of Ththophotein on Response to a Constant Dose 
OF Gonadogen in Immature Male Mice 


No. 

mice 


Initial 

wt., 

g. 

Final 

wt., 

g* 

Testis 

wt., 

mg. 

Testis ^vt., 

Sem * 
ves. - 
wt., 
mg. 

Sem. ves. wt., 

Increase 

over 

controls 

Treatment 

100 g. 

body 
6nnl 
wt., mg. 

loo-g. 

final 
body 
rvt., mg. 

100 g. 
body 
wt., % 

9 

Controls 

12.0 

19.4 

105.1 

547.6 

27.6 

142.7±10.6t 


9 

Gonadogen only 

11.6 

20.3 

116.4 

572.6 

46.1 

226.9±19.5 

+ 58.9 

6 

0.02% thyroprotein, 
and Gonadogen 

12.0 

22.1 

133.3 

602.7 

76.1 

344.5±12.7 

+141.4 

6 

0.04% thyroprotein, 
and Gonadogen 

13.6 

23.3 

140.7 

603.7 

77.8 

333.9±17.1 

+134.0 

6 

0.08% thyroprotein. 
and Gonadogen 

14.3 

23.4 

129.3 

551.8 

74.6 

318.5±31.8 

+123.2 

5 

0.16% thyroprotein, 
and Gonadogen 

14.0 

22.1 

141.1 

637.9 

72.6 

328. 0± 18.9 

+129.9 

5 

0.32% thyroprotein, 
and Gonadogen 

14.2 

22.4 

145.0 

647.7 

64.5 

288.2±24.6 

+101.9 

8 

0.64% thyroprotein, 
and Gonadogen 

12.7 

21.2 

134.0 

630.9 

41.6 

195.9±11.7 

+ 37.2 


* Represents combined wt. of seminal vesicles and coaRulating glands, 
t Standard error of the mean. 


DISCUSSION 

It cannot be maintained that the normal immature male rat is 
“hyperthyroid” or that the normal immature male mouse is “hypo- 
thyroid,” since such terms are more properly reserved for individuals 
with particular syndromes rather than for an entire species. The data 
presented here indicate that, insofar as the response to pregnant 
mare’s serum is concerned, immature male rats are secreting more 
than an optimal amount of thyroid hormone, whereas immature male 
mice are secreting less than an optimal amount (Fig. 1). Studies of the 
thyroid secretion rates of rats (Monroe and Turner, 1946) and mice 
(Hurst and Turner, 1948) do not reveal any marked differences be- 
tween the two species. However, other Lines of e^’idence substantiate 
the idea that the immature rat is secreting more than an optimal 
amount of thyroid hormone for certain processes when compared to 
the immature mouse. 

Astwood (1945) demonstrated that the administration of 0.01 per 
cent thiouracil in the feed of rats for a period of 9.5 months beginning 
at weaning time increased the growth rate over controls. This increase 
was reflected in a proportional gain in skeletal dimensions. In mice, 
Hurst and Turner (1948) reported that thiouracil fed at several levels 
invariably retarded growth, and this was reflected in a greater fat 
content of the carcasses. The administration of thyroxine or thyropro- 
tein by Roger and Turner (1943) was found to retard growth in rats 
but to increase growth in mice. The increased body weight of the mice 
was reflected in a greater retention of protein and water and a reduc- 
tion in fat content. A recent report by Fogelman and Ivy (1948) indi- 
cates that rats are secreting more than an optimal amount of thyroid 
hormone for another growth process. They noted that administration 
of thiouracil to partially hepatectomized rats increased the rate of 
liver regeneration when compared with controls. 
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DAYS m m nwuMOL % Tmornim^rm 

Fig. 1. The percent increase in the combined weights of the seminal vesicles and 
coagulating glands following treatment with Gonadogen only, and with Gonadogen 
plus thiouracil or thyroprotein. 

® Average of two groups. 
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Recent work on mammary growth in rats and mice further illus- 
trates the dissimilarities in the effects of experimentally altered thy- 
roid function in these species, Leonard and Reece (1941), Smithcors 
and Leonard (1943), Trentin, Hurst and Turner (1948) and Johnston 
and Smithcors (1948) found that thyroidectomy or thiouracil adminis- 
tration augmented mammary growth in the rat. However, similar 
treatment in the mouse was found to decrease mammary growth by 
Mixner and Turner (1943), Mixner (1947) and Trentin, Hurst and 
Turner (1948). Mixner and Turner (1943) also reported that the 
administration of thyroxine to ovariectomized mice increased the 
mammary growth response to injections of estrogen and progesterone. 

All of the above findings appear to support the conclusion that 
growing rats secrete more than an optimal amount of thyroid hormone 
while growing mice secrete less than an optimal amount insofar as 
the reactivity of certain body tissues and organs are concerned. A 
different theory, however, was offered by Bischoff, Clarke and Epps 
(1941) to explain the effects of thyroidectomy or thyroid administra- 
tion on the response to gonadotrophins in rats. They believed the 
altered thyroid status either decreased or increased the exchange of 
body fluids, thus decreasing or increasing the rate of hormone resorp- 
tion. The observations in the mouse, however, appear to make such 
a conclusion untenable. Obviously it is illogical to suppose that 
thyroid administration increases the rate of exchange of body fluids 
in the rat but decreases it in the mouse. 

It is believed the data presented in this paper, as well as related 
work of other investigators, definitely establishes the existence of an 
important species difference between young rats and mice. It can be 
stated that young rats secrete more than an optimal amount of thyroid 
hormone while young mice secrete less than an optimal amount of 
thyroid hormone for a variety of body functions and reactions. This 
suggests that other species, and perhaps some strains and individuals 
Avithin a species, also may not be secreting optimal amounts of thyroid 
hormone for certain body functions. There is the possibility, there- 
fore, of inducing degrees of hypothyroidism or hyperth 3 ''roidism Avhich 
Avould insure maximum responsiveness to certain stimuli. These 
possibilities are already being explored in the field of animal research, 
where thiouracil and thyroprotein are being fed at various levels to 
farm animals in an attempt to increase productive processes such as 
growth, fattening, milk yield and egg production. 

SUMMARY 

The effects of experimentally induced hyper- or hypothyroidism 
on the response to a constant dose of pregnant mare’s serum (“Gon- 
adogen”) were determined in immature male rats and mice. Hypo- 
thyroidism was produced by feeding 0.1 per cent thiouracil for four 
to twenty daj'’ periods and hj'perthyroidism was produced by feeding 
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thyroprotein in concentrations of 0.02 to 0.64 per cent for ten day 
periods. The increase in the combined weight of the seminal vesicles 
and coagulating glands was used to measure the response to the preg- 
nant mare’s serum. 

Thiouracil or thyroprotein, when fed alone, had no effect on the 
weight of the seminal vesicles and coagulating glands. When pregnant 
mare’s serum was injected, the response of the seminal vesicles and 
coagulating glands was partially to complete^ inhibited by all except 
the lowest levels of thyroprotein in the rat, while in the mouse all 
except the highest concentration of th 3 ’-roprotein increased the go- 
nadotrophic response by 72 to 140 per cent. Thiouracil, particular^ 
when fed for the longer periods, increased the gonadotrophic response 
in rats bj’' as much as 300 per cent, while the response in mice was 
reduced bj’- 40 to 73 per cent. 

It is concluded that, insofar as the response to pregnant mare’s 
serum is concerned, immature male rats are secreting more than an 
optimal amount of thjToid hormone whereas immature mice are 
secreting less than an optimal amount of thyroid hormone. A dis- 
cussion of these and related data bj’’ other investigators leads to the 
conclusion that there is a distinct species thyroid difference between 
the rat and mouse which accounts for their opposite reactions to a 
number of similar stimuli. 
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THE QUANTITATIVE RELATION BETWEEN 
CERTAIN AMINO ACIDS AND GLYCO- 
GENESIS AS INFLUENCED BY 
ADRENALECTOMY AND ADRENAL 
REPLACEMENT' 

JORGE AWAPARA, HORACE N. MARVIN 
AND BENJAMIN B. WELLS 

From the University of Texas, M. D. Anderson Hospital for Cancer Research 

HOUSTON, TEXAS 

INTRODUCTION 

The effect of adrenal cortical function upon carbohydrate and 
protein metabolism has been repeatedly demonstrated. Much e^ddence 
has accumulated to indicate that there is a direct effect of certain 
cortical principles upon the rate of gluconeogenesis from protein, 
but there is little knowledge as to the reactions involved. Several 
possible mechanisms have been postulated. Long, Katzin and Fry 
(1940) suggest that the cortical principle accelerates the mobilization 
of endogenous proteins. Wells and Kendall (1940) have reported that 
the phlorhizinized, adrenalectomized rat forms glucose from fed 
protein at a normal rate. Further evidence in favor of this mechanism 
is offered by Evans (1941), who found that the rate of deamination 
of alanine proceeded at a normal rate in the adrenalectomized rat. 

The possibility that the cortical hormones exert their effect upon 
the rate of deamination of amino acids was investigated by Lewis, 
et al (1940). They observed that the formation of glucose from alanine 
in the adrenalectomized, phlorhizinized rat was reduced. Russell and 
Wilhelmi (1941) found that Iddney slices from adrenalectomized rats 
produce less than normal amounts of carbohydrate from alanine and 
glutamic acid. Jimenez — Diaz (1936) reported a subnormal rate of 
deamination in the kidneys of adrenalectomized cats. Samuels, et al 
(1937) found that cortical insufficiency in the rat caused a decrease 
in the formation of liver glycogen from fed alanine. These and other 
prevailing theories are discussed at length by Long (1941). 

A new approach to this problem was offered by the development 
of quantitative paper chromatography (Awapara, 1949) for the es- 
timation of some free amino acids in tissues. It appeared important 
to extend, by the use of this technique, the study of the role of the 
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adrenal glands in the conversion of protein to glycogen. The results 
of a stud}'' of liver glycogen and alanine, glycine, glutamic acid and 
aspartic acid in hepatic and muscle tissue of normal rats, untreated 
adrenalectomized rats, and adrenalectomized rats given substitution 
therapy are herewith presented. The replacement materials consisted 
of 17-hydroxydehydrocorticosterone and desoxycorticosterone acetate, 
referred to subsequently as Compound E (Kendall) and DOCA, 
respectively. 

EXPERIMENTAL 

]Male rats, of the Sprague-Dawley strain, weigliing 130-145 gm., Avere 
used in this stud 3 ^ The adrenal glands were remoA'ed under light ether anes- 
thesia through separate incisions. Care was exercised to remove as much of 
the periadrenal adipose tissue as possible, and each adrenal gland was in- 
spected after excision for gross evidence of incomplete removal. The body 
wall was closed rvith gut, and the skin incision repaired with skin clips. 
Reasonable asepsis was observed during the procedure. 

Immediatelj'' folloAving the operation, the rats were given phj'siological 
saline and ordinaiy food ad libitum. The animals ivere weighed at the time 
of the operation, and twice during the subsequent six daj'- period. Onlj^ those 
animals surviving and showing a weight gain during this period were used. 

The adrenalectomized rats receiving either Compound E or DOCA were 
given distilled Avater for drinking purposes during the 24 hour fasting period 
preceding autopsy. The third group of adrenalectomized rats received no 
treatment other than phj'^siological saline during the fasting period. Three 
mg. of Compound E and 1.0 mg. of DOCA in 1.5 ml. and 0.6 ml. of corn oil, 
respectively, Avere given each rat of the appropriate groups. The total dose 
AA^as given in three, equally divided, subcutaneous injections during the first 
8 hours of the 24 hour fast. 

At the time of autopsy, the rats AA'ere killed Avith preliminary anesthesia 
by a lethal, intraperitoneal injection of nembutal. A sample of liver AA^eighing 
approximate!}^ 1 gm. AA'as quickly removed and placed in hot 30 per cent 
potassium hj'droxide for hepatic gljmogen determinations. A second liver 
sample Avas taken for the amino acid determinations. The remainder of the 
liver of each alternate rat AA'as dried for 24 hours at 100°C. in order to de- 
termine the percentage of total solids. A sample of the gastrocnemius muscle 
of each rat Avas also removed for determination of amino acids. 

Each rat AA'as carefully examined for residual adrenal tissue macroscopi- 
callj’- and none of the operated rats AA’as found to have such. The rats receiA'- 
ing Compound E and the controls lost practicailj' tAvice as much Aveight 
during the 24 hour fast, as did the rats receiAung desoxycorticosterone acetate 
or onlj’- salt AA'ater during the same period. 

Liver glycogen aa'os determined by the method of Good, ICramer and 
Somogj’^i (1933). Amino acids AA'ere e.xtracted from tissue bj’' the method of 
AAvapara (1948) and measured by the technique of quantitative paper chro- 
motography (Awapara, 1949). 

RESULTS AND DISCUSSION 

111 Table 1 are shoAvn the results of analyses for glycogen in lii'er 
and for free amino acids in lii'er and muscle of the ex-perimental and 
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normal control animals. The increase of glycogen in the livers of Com- 
pound E-treated animals over that of normal rats, adrenalectomized 
rats maintained on sodium chloride, or rats treated with DOCA, is 
confirmatory of many previous observations. There is a striking de- 
crease in the concentration of free dicarboxylic amino acids in the liver 
following administration of Compound E. This is in contrast to the 
results obtained by desoxycorticosterone acetate or saline treatment. 
The diminution in concentration of these amino acids as compared 


- TABLE ONE 


STATUS 

GIVEN 

LIVER 
GLYCOGEN 
PER CENT 

LIVER 

MICROGRAMS OF AMINO NITROGEN 

PER GRAM FRESH TISSUE 

MUSCLE 

MICROGRAMS OF AMINO NITROGEN 

PER GRAM FRESH TISSUE 

SUM 

DI-COOH 

ACID 

FRACTION 

GLYCINE 

ALANINE 

SUM 

DI-COOH 

ACID 

FRACTION 

GLYCINE 

ALANINE 

INTACT 

NONE 

0,95 

10.17* 

313 

118.13 

119 

♦5.10 

107 

112.80 

-V 

87 

».OI 

428 

139.99 

58 

±2,70 

279 

134.17 

91 ' 
112.11 

ADt?as|AL 
COMP. E 

1.50 

10.38 

211 

113.11 

78 

*422 

83 

±837 

50 

±337 

315 

11138 

' 58 
±9.21 

203 

±11,04 

55 

14.64 

ADRE^L 

D,ac.A, 

0,15 

10,02 

255 

119.09 

140 

±18,78 

67 

±11.52 

49 

±5«0 

298 

1IB.84 

38 

13.49 

202 

ll8.lt 

59 - 

±2.51 

A^FtE(^L 

SALINE 

0.19 

10.05 

321 

126.65 

167 

±13,30 

93 

±11,70 

61 

±4.12 

293 

114,91 

43 

±3.30 

180 

+11.32 

69 

♦527 


•standard error corrected for small numbers 


Table 1. Concentration of Glycogen and Free Amino Acids in 
Liver and Muscle 


with the results in normal, unoperated animals is less marked, but 
roughly proportional to the glycogen differences demonstrated . be- 
tween these two groups. The changes in. amino acid concentration and 
distribution in muscle were statistically insignificant. This finding 
corresponds to the moderate changes, and often difficultly demon- 
strable effects of adrenalectomy and steroid hormone treatment on 
muscle glycogen. 

In Table 2 the amino acid concentrations are recorded with refer- 
ence to the total free amino acid nitrogen represented by the sum- 
mation of glutamic acid, aspartic acid, alanine and glycine. The only 
striking observation to be made here is the relative excess of free 


















































April, 1949 


ADRENALS AND GLYCOGENESIS 


381 


alanine in the livers of unoperated controls and Compound E-treated, 
adrenalectomized rats. 

An abundance of previous work demonstrates that adrenal cortical 
insufficiencj^ is associated with impaired glycogenesis from protein. 
Normal conversion of protein to carbohydrate is restored in the 
adrenalectomized animal by administration of the C-11 oxygenated 
corticosteroids. The 11-desoxycorticosteroids, although highly active 
with respect to electrolyte and water metabolism, do not stimulate 


TABLE TWO 


GROUP 

£F • 1.00 

Ol-COOH 

FRACTION 

GLYCINE 

ALANINE 

fi 

Am or EACH fRAcm 

W OF UVEH TO SUM 0 

^ UVER FRACTIOHS 


NORMAL 

1.00 *0.033 

0.38 ±0024 

0.34 ±0046 

0.28 ±0033 

COMP. E 

1.00 *0.087 

037 ±0031 

039 ±0046 

0.24 ±0022 

O.O.C.A. 

1.00 *0106 

0.55 ±0084 

0.26 ±0049 

0.19 ±0024 

SALINE 

1.00 ±0.116 

0.52 ±0059 

0.29 ±0044 

0.19 ±0020 


7 OF EACH FFACTiON 

)F MUSCU TO SUM & 

' MUSCLE FRACnONS 


NORMAL 

1.00 ±0.127 

0.14 ±0015 

0.65 ±0099 

0.21 ±0034 

COMP. E 

1.00 ±0053 

0.18*0029 

064 ±0042 

0.18 ±0017 

D.O.C.A. 

1.00 ±0089 

0.13 ±0014 

0.68 ±0074 

0.20 ±0015 

SALINE 

1.00 ±0072 

0.15 ±0015 

0.61 ±0050 

0.24 ±0022 


S.E. OF QUOTIENT » 


Table 2. Ratios of Individual Amino Acids to Total 
Amino Acids Determined 

the formation of glj’-cogen from non-carbohydrate sources. Experi- 
mental evidence presentl}^ available does not provide unequivocal 
support for anj’^ theory attempting to explain the mechanism, nor 
does it identify the amino acids through which the ll-o.x 3 ’'cortico- 
steroids stimulate gl 3 '^cogenesis. However, the well established position 
of the dicarboxsdic amino acids and alanine as intermediates in the 
transformation of protein to carboh 3 ’’drate through the aminopherase 
(transamination) mechanism suggests a possible explanation for the 
data recorded in Table 1. The action of Compound E in promoting 
glycogen synthesis was accompanied bj’^ a diminished concentration of 
the free dicarboxjdic amino acids of liver tissue. This finding maj^ 
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reasonably be interpreted as indicating the transformation of these 
amino acids to carbohydrate. This conclusion is supported further by 
the data recorded in Table 2. Here we note that glycogen synthesis 
is accompanied by a relative increase in the proportion of alanine to 
the dicarboxylic amino acids. This finding is explicable in terms of 
the aminopherase mechanism, since the reaction rates of both glutamic 
acid and aspartic acid with pynivic acid in liver favor the production 
of alanine. Our figures for amino acid distribution in muscle may be 
correlated with the fact that the aminopherase reactions proceed at 
low, inappreciable rates in that tissue. . 

Although these findings suggest that carbohydrate synthesis 
stimulated by Compound E takes place through the aminopherase 
mechanism and involves the utilization of the dicarboxylic amino 
acids, more complete studies will be necessary to establish this fact. 
Cohen has pointed out that in the field of intermediary metabolism, 
final identification of a process requires not only a determination of 
change in the reacting substances, but also a demonstration of the 
enzyme mechanism concerned. 

The absorption, transport and deposition of carbohydrate in the 
adrenalectomized animal is known to approach the normal so long as 
maintenance amounts of sodium chloride are fed or there is adequate 
treatment with the 11-desoxy corticosteroids. If, however, animals so 
treated are subjected to fasting or any other conditions requiring the 
carbohydrate stores to be replenished from protein sources, the C-11 
oxygenated corticosteroids must be available if an effective adaptation 
is to be accomphshed. The conditions of our experiment, imposing only 
a 24 hour fast, are not calculated to show the maximum deficiency 
in carbohydrate metabolism in the animals deprived of the -11- 
oxysteroids. No doubt, the trends exhibited here could be considerably 
magnified by applying niore strenuous conditions. 
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SUMMARY 

The increase in liver glycogen of Compound E-treated, adrenal- 
ectomized rats over normal rats, or'adrenalectomized rats given salt 
or desoxycorticosterone acetate is reaffirmed. The dicarboxylic amino 
acids are decreased and alanine is increased in the livers of adrenal- 
ectomized rats given Compound E. The changes in amino acid con- 
centration and distribution in muscle were not impressive. The relation 
of these findings to current theories is discussed. 
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THE REACTION OF MALE FROGS TO 
EPINEPHRINE' 

STANLEY L. ROBBINS^ and FREDERIC PARKER, Jr.^ 

From the Mallory Institute of Pathology, Boston City Hospital 

BOSTON, MASS. 

With the exception of a few widely scattered reports (Galli- 
Mainini, 1947a, 1947b, 1947c; Houssay, 1947), almost all the in- 
formation available today on the hormonal reactivity of male frogs 
and toads pertains to the effect of gonadotropins on these amphibia 
(Robbins, Parker and Bianco, 1947; Galli-Mainini, 1947a, 1948; 
Wiltberger and Miller, 1948; Miller and Wiltberger, 1948; Robbins 
and Parker, (literature) 1948). It has been already shown that a 
number of species of these male amphibia are available for endocrine 
assay work. The two male species most widely used at present for 
pregnancy diagnosis work are the South American toad, Bufo 
arenarum, and the North American spotted frog, the Rana pipiens. 
In pregnancy diagnosis, reports to date indicate that both animals 
appear to be quite satisfactory, giving virtually no false positives 
and very few false negatives (Galli-Mainini, 1948; Robbins and 
Parker, 1948). In contrast to the above two species the male Xenopus 
laevis, a South African frog, while a sensitive assay animal for 
gonadotropin of pituitary origin, has proved to be of little value in 
pregnancy diagnosis. While it reacts, to gonadotropin of chorionic 
origin and thus faithfully detects pregnancy, it at the same time, 
however, gives many false positive reactions in women known to be 
not pregnant (unpublished work). Repeated efforts to isolate the 
substance or substances in urine producing these false positive reac- 
tions have been completely unsuccessful. No correlations have been 
drawn between these false positives and the diet of the patient, the 
ingestion of drugs or the phase of the menstrual cycle. It is of interest 
that these reactions were encountered only in girls having regular nor- 
mal menses, not in patients with amenorrhea. A nonspecific alarm 
reaction to noxious agents contained in the urine with the release of 
adrenal hormones was considered as the possible basis of these false 
positive reactions. Accordingly, adrenocorticotropic hormone, desoxy- 
corticosterone acetate, dehydro-isoandrosterone and epinephrine 
were administered subcutaneously to male Xenopus laevis and a 
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rapid, stronglj’’ positive reaction to the epinephrine ensued. The 
corticotropic hormone, as well as the steroids, evoked no response. 
This reaction to epinephrine, while of great interest, seemed unlikely 
to be the rational explanation of the false positive tests encountered 
in the Xenopus laevis, since, to the best of our knowledge, epinephrine 
has never been identified in urine. However, the speed of the reaction 
and the simplicity of demonstrating this response suggested the pos- 
sible applicability of this technic for the bio-assay of epinephrine prep- 
arations. Studies, therefore, on the reactivity of the male Rana pipiens 
and Xenopus laevis to epinephrine, as well as to various other au- 
tonomic drugs, form the basis of this present report. 

EXPERIMENTAL DATA 

Throughout these assay experiments adult male frogs procured 
from commercial collectors were used. The specimens of Xenopus 
laevis, had been gathered from their native liabitat, South Africa, 
and Aveighed betiveen 35 and 55 grams. The Rana pipiens species of 
frog v'ere of domestic origin, iveighing approximately 35 to 45 grams, 
and Avere for the most part kept in artificial hibernation throughout 
the year after being collected during the summer months. 

These studies carried on throughout a year found the Xenopus 
laevis satisfactoiy for adrenalin assaj'^ at all times; the Rana pipiens, 
on the contrary, appeared to pass through a phase of adrenalin non- 
reactivity during the months of June, July and August. The basis 
of this transient refractoriness is totally obscure. All the preparations 
.were used in aqueous form and AA'ere administered subcutaneously to 
the amphibia into the dorsal lymph sac. Reactions to these drugs, the 
emission of sperm from the cloacal tract, A\’'ere folloAved by micro- 
scopic examination of the cloacal fluid, using the technic preAdously 
described (Robbins, Parker and Bianco, 1947). 

Epinephrine of natural origin (Parke DaAus, 1-1000 and Lederle, 
1-1000) AA'as administered to male amphibia, Rana pipiens, Xenopus 
lacAus and Bufo arenarum, in doses of 0.1 cc. (0.1 mg.). The first tAvo 
species reacted AA'ithin one hour, the Bufo arenarum remaining nega- 
tiA^e indefinitely. No other effects of this drug on the animals AA'ere 
noted. To exclude the possibility that this positiA'-e reaction AA^as 
caused by some side effect of contained animal substances present in 
the naturally derived epinephrine, sjmthetic hormone (Burroughs- 
Wellcome, 1-100) AA'as likewise employed. Doses of 0.1 mg. of this 
synthetic preparation Avere equally effectiA'-e in producing a positiA^e 
response in the Rana pipiens and Xenopus laevis. 

By the use of serial dilution technics it could be shoAvn that both 
species of frogs, Xenopus laeA-is and Rana pipiens, would react to ' 
extremely small doses of epinephrine A'arying with individual animals 
betAveen 0.01 mg. and 0.001 mg. AIoreoA’er, the reaction to this 
amount of drug remained remarkably constant for large numbers of 
adult males of both species, despite variations in the body Aveight of 
indiAudual animals. 
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In an effort to determine whether this reaction to epinephrine was 
essentially the effect of the Sympathin “E” or "I” content, commer- 
cial preparations of these fractions were given to both tj^Des of frogs. 
The source of Sympatliin I was Isuprel, 1-200 (Winthrop-Stearns) ; 
Arterenol, 6.1 mg., was used as a source of the “E” fraction. Both 
substances produced positive results in the doses indicated in the 
table wliich follows. A wide A^ariety of other adrenergic drugs Avas 
administered to these, amphibia Avith the results indicated in Table I. 


Table 1 


Substance 

Xenopus laevis 


Rana pipiens 

Dose 

Reaction' 

Dose 

Reaction' 

Epinephrine (Parke Davis, 1—1000) 

0.01 

mgm. 

-1- + + + 

0.01 

mgm. 

+ d h + 

Epinephrine (Lederle, 1-1000) 

0.001 mgm. 

++++ 

0.003 mgm. 

++++ 

Epinephrine (synthetic Burroughs-Wellcome, 1-100) 

0.001 mgm. 

+ + + + 

0.001 mgm. 

“i — hd-d- 

Isuprel (Sympathin I) 

0.1 

mgm. 

++++ 

0.1 

mgm. 

++++ 

Ii-Arterenol (Sympathin E) 




0.4 

mgm. 

++++ 

Neosynephrine 

5.0 

mgm. 

0 

25.0 

mgm. 

+++ 

Benzedrine sulfate 

1.0 

mgm. 

+ + + ■+• 

1.0 

mgm. 

0 

Ephedrine sulfate 

5.0 

mgm. 

+ + 

5.0 

mgm. 

0 

Mecholyl chloride 

5.0 

mgm. 

0 

5.0 

mgm. 

0 

Eserine sulfate 

0.64 

mgm. 

0 

0.64 

mgm. 

0 

Pilocarpine 

4.0 

mgm. 

0 

4.0 

mgm. 

0 

Shock reaction to trauma 



0 





* The reactions were graded 1 + to 4 + as follows; 

-j- =single sperm per high power field. 

+ + =several sperm per high power field. 

+ 4'-i- =most high power fields containing sperm too numerous to count. 

+ + + + =all high power fields containing sperm too numerous to count. 

Painful stimuli as Avell as crush injury to the hind extremity pro- 
duced no emission of- sperm, and. in addition the administration of 
Carchohn (Merck), 0.1 mg., presumably stimulating the release of 
endogenous adrenahn in eserinized animals, eAmked no response. 
Larger doses of Carcholin proA'^ed toxic to these animals. 

In an effort to determine whether epinephrine was producing its 
effect tlirough the pituitary, hypophysectomy b^’’ the method of 
Hogben (1923) Avas performed on seA'^eral animals. The hypophysec- 
tomized amphibia reacted to epinephrine equally as Avell as the 
normal controls. 

DISCUSSION 

From observations on several hundreds of male Xenopus laevis 
and Rana pipiens it is apparent that these amphibia react to subcu- 
taneously administered epinephrine by the emission of sperm. This 
response occurs rapidly, almost invariably Avithin one hour after the 
administration of the drug. It is a readily demonstrable reaction as 
Avell as a remarkably constant one. The fact that graded doses down 
to a level of 0.01 to 0.001 of a mg. of epinephrine produce a response, 
doses beloAv this level being inactive, strongly suggests some definite 
threshold phramacologic action of the drug. The positive reaction of 
Xenopus laevis to epinephrine carries oA'^er to such closely allied 
drugs as benzedrine and ephedrine, suggesting the possibility that 
some common chemical fraction or radical is the actual effective agent. 
It is interesting to note that some species difference exists between 
the Xenopus laeAus and Rana pipiens in their reactivity to other ad- 
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renergic drugs since the latter type, Rana pipiens, fails to respond 
to any drugs other than epinephrine and neosynephrine. The reason 
for these differences is totally obscure. Both Sympathin I and Sympa- 
thin E produce positive reactions in the Rana pipiens. With the 
Xenopus lae^ds a positive reaction was obtained vdth Sj’^mpatliin I, 
insufficient “E” being available for testing on this frog. None of the 
cholinergic drugs (acetyl Beta chohne, acetyl choline or eserine) 
proved to be effective in producing a reaction, an observation in 
keeping with the apparent specificity of this response to adrenergic 
drugs. 

The mechanism bj’’ which adrenalin and its related compounds 
produce emission of sperm in these frogs is extremely intriguing. At 
the present time, it has not yet been elucidated and work on this 
problem continues. Several aspects, however, seem worthy of note. The 
activity of so-called Sj'^mpathin I and . E strongly suggests that 
epineplirine may be producing its effects by upsetting some finel}’’ 
balanced mechanism, either by the release of some block, such as 
some sphincteric cut-off, or by exciting some ejaculatory mechanism 
which overpowers the blocking mechanism. It is clear that the re- 
sponse of these male frogs to adrenalin does not represent simply a 
nonspecific reaction to bodily insult since noxious stimuli, pain and 
crushing injuries fail to produce the emission of sperm. The absence 
of a reaction to Carcholin, implying that endogenous adrenalin is in- 
effective in evoking the same response as exogenous adrenalin, may 
simply indicate failure of the effective release of the epinephrine by 
this drug. On the other hand, it is entirely possible that insufficient 
adrenal tissue is present in the frog to produce effective amounts of 
epinephrine. Microscopic search of the kidneys of these amphibia re- 
vealed onl}'- apparent adrenal cortical cells, never any tissue suggestive 
of adrenal medulla. In support of this possibility is the existence of a 
not inconsiderable controversy over the actual presence of a function- 
ing adrenal gland in many amphibia. Markee et al. (1948) have shown 
that in the rabbit direct intrapituitary installation of adrenalin will 
produce the release of luteinizing gonadotropin. To rule out the 
possibilit}’- that these adrenergics might be thus acting on the genital 
system through the pituitary, hj^pophysectomy was performed on 
numerous frogs without effect on the reaction to epinephrine or ben- 
zedrine. Removal of the pituitarj’- failed to alter the sensitivity of these 
amphibia to these drugs. In conclusion, therefore, at the present writ- 
ing the mode of action of these epinephrine substances remains ob- 
scure. 

Despite the lack of knowledge as to the "modus operand!” the 
empiric observation that male Rana pipiens and Xenopus laevis will 
respond to a relatively constant dose of epinephrine provides a most 
valuable tool for pharmacologic assay, providing a substitute for 
present laborious blood-pressure studies on dogs. Injection of a series 
of graded dilutions of epinephrine of unknown strength into male 
frogs will rapidly disclose the approximate content of the drugs in 
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these unknown solutions, since it can be reasonably certainly assumed 
from this study that the endpoint dose contains 0.01-0.001 mg; of 
epinephrine. Thus unknown solutions may be titered by the use of 
male frogs to reasonably close tolerances within 1-2 hours. The 
simplicity of performance of this technic, as well as its economy and 
ease of maintaining colonies of frogs, renders this procedure of real 
value. 

Several limitations deserve re-emphasis. In summer months the 
sensitivity of Rana pipiens, derived from native habitats, to adrenalin 
is considerably lowered, rendering this use of these frogs during this 
time undesirable, a defect not encountered in the Xenopus laevis. 
Whether Rana pipiens kept in enforced hibernation from the previous 
summer will show this seasonal insensitivity to adrenalin is not 
known. The second point of caution is that the two species of toads, 
namely, Bufo arenarum Hensel and Bufo fowleri, both fail to respond 
to adrenalin. Galli-Mianini (1948) in a recent report confirms this ob- 
servation in the Bufo arenarum. This species difference in reactivity 
to adrenalin is in itself a most interesting point, suggesting possible 
differences in the makeup of the endocrine or genital systems be- 
tween various species of amphibia. 

SUMMARY 

It has been shown that certain male amphibia respond to the sub- 
cutaneous administration of epinephrine by the emission of sperma- 
tozoa, the South African Xenopus laevis being reactive throughout 
the year, the Rana pipiens passing through a refractory period during 
the summer months of June, July and August. This reaction to 
epinephrine appears to be a remarkably constant one in which most 
male Xenopus laevis and Rana pipiens adults, despite some varia- 
tion in body weight, always respond to dosage levels between 0.01 and 
0.001 mgms. Synthetic as well as naturally derived epinephrine are 
equally effective and hypophysectomy in no way alters the reactivity 
of the animal. With the Xenopus laevis this epinephrine reactivity is 
carried over to the adrenergic drugs, benzedrine and ephedrine. 

The possible practical application of this male amphibian reac- 
tion to the bio-assay of epinephrine preparations is discussed. 
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ASSOCIATION NOTICE 


ANNOUNCEMENT OF THE 1949 MEETING OF THE 
ASSOCIATION FOR THE STUDY OF 
INTERNAL SECRETIONS 

The Thirty-First Annual Meeting of The Association for the Study of 
Internal Secretions will be held in the Chalfonte-Haddon Hall, Friday and 
Saturday, June 3, and 4, 1949, in Atlantic City, New Jersey. 

We are informed by the hotel management that reservations will be diffi- 
cult to secure, on short notice; therefore, members are urged to make reserva- 
tions at once with Chalfonte-Haddon Hall, giving time of arrival and length 
of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly, and 
repstration mil be on the same floor. The annual dinner will be held in the 
Rutland Room, Friday, June 3rd. at 7 p.m., preceded by cocktails in the 
same room. 

Those mshing to present papers, which will be limited to ten minutes, 
should send title and four copies of an abstract of not more than 200 words, 
to Doctor J. S. L. Browne, Royal Victoria Hospital, Montreal 2, Canada, 
not later than March 1, 1949. It is imperative that the abstracts be informa- 
tive and complete with results and conclusions in order that thej' may be of 
reference value and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the Ayerst, McKenna 
and Harrison Fellowship should be made on special application forms, which 
may be obtained from the Secretary-Treasurer, Doctor Henry H. Turner, 
1200 North Walker, Oklahoma Cits' 3, Oklahoma, and filed with the Secre- 
tary not later than March 15, 1949. 


POSTGRADUATE COURSE IN ENDOCRINOLOGY 

A postgraduate course in Endocrinology, sponsored by the Association 
for the Study of Internal Secretions, will be held at the Skirvin Hotel in 
Oklahoma Citj', February 21-26, 1949. 

The faculty will consist of outstanding clinical and research endocrinol- 
ogists of the United States and Canada. The program will consist of clinics 
and demonstrations and will be a practical one of equal interest to those in 
general medicine and the specialists. 

The fee vill be SlOO for the entire course and applications will be accepted 
in the order received. Applications should be directed to Henry H. Turner, 
M. D., Secretary-Treasurer, 1200 North Walker, Oklahoma City, Oklahoma. 
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ASSOCIATION AWARDS FOR 1949 

THE E. R. SQUIBB AND SONS AWARD 

The E. R. Squibb & Sons Award of $1,000.00 was established in 1939, 
and was given first in 1940 to Dr. George W. Corner; 1941 — Dr. Philip E. 
Smith; 1942 — Dr. Fred C. Koch; 1943 — no award was given; 1944 — Dr. E. 
.A.. Doisy; 1945 — Dr. E. C. Kendall; 1946 — Dr. Carl G. Hartman; 1947 — 
Drs. Carl F: and Gerty T. Cori; 1948 — ^Dr. Fuller Albright. A special com- 
mittee of five members of the Association chooses an investigator or in- 
vestigators in the United States or Canada for one of the best contributions 
to endocrinology. 

THE CIBA AWARD 

The Ciba Award to recognize the meritorious accomplishment of an in- 
vestigator not more than 35 years of age in the field of endocrinology was 
established in 1942, but ho recipient was selected in 1942 or 1943. In 1944 the 
Award was presented to Dr. E. B. Astwood; 1945 — ^Dr. Jane A. Russell; 
1946 — Dr. Martin M. Hoffman; 1947 — Dr. Choh Hao Li; 1948 — Dr. Carl 
G. Heller. The work cited may be either in the field of preclinical or clinical 
endocrinology. The Award is for $1,200.00. If \vithin 24 months of the date 
of the Award, the recipient should choose to use it toward further study in a 
laboratory other than that in which he is at present working, the Award will 
be increased to $1,800.00. 

THE AYERST, McKENNA & HARRISON FELLOWSHIP 

The Ayerst, McKenna & Harrison Fellowship was first awarded in 1947 
to Dr. Samuel Dvoskin, and in 1948 to Dr. Ernest M. Brown, Jr. This Fel- 
lowship is designed to assist men or women of exceptional promise in their 
progress toward a scientific career in endocrinology. The Fellowship may be 
awarded to an individual who possesses the Ph.D. or M.D. degree or to a 
candidate for either of these degrees. The stipend for the Fellowship will vary 
in accordance with the qualifications of the appointee, but will not exceed 
$2,500.00 The Committee will, in reviewing the proposed program of study, 
consider the amount of time which the Fellow intends to spend in course 
work and/or teaching. The nominee must present evidence or scientific 
ability as attested by studies completed or in progress and/or the recom- 
mendation of responsible individuals; submit a program of proposed study; 
indicate one or more institutions where the proposed program shall be car- 
ried out; submit statements of approval from the investigators with whom 
he proposes to conduct his research. 

Each member has the privilege of making one nomination for each award. 
A nomination should be accompanied by a statement of the importance of 
the nominee’s contributions to endocrinology and by a bibliography of the 
nominee's most important publications, and reprints, if possible. The nom- 
inations should be made on special application forms which may be obtained 
from the Secretary, Dr. Henry H. Turner, 1200 North Walker Street, Okla- 
homa City, Oklahoma, and reriirned to him not later than March 15, 1949. 
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ALTERED GLUCOSE TOLERANCE WITH HISTO- 
LOGICALLY NORMAL ISLETS FOLLOWING 
REPEATED SMALL DOSES OF ALLOXAN' 

DAVID W. MOLANDER, M.S., M.D.= and ARTHUR KIRSCH- 
BAUM, PH.D., M.D. 

From the Department of Anatomy, University of Mim^esota Medical School 
MINNEAPOLIS, MINNESOTA 

Dunn and coivorkers (1943) observed beta cell necrosis in the 
pancreatic islets of rats following the administration of alloxan sub- 
cutaneously (200-400 mg./kg.) in a. single injection. Such animals 
became permanently diabetic if they survived the initial toxic effects 
of the chemical. Shipley and Rannefeld (1945) noted the decreased 
glucose tolerance of rats receiving 25 mg./kg. doses intravenousljL 
Hyperglycemia and glucosuria were not, however, exhibited by these 
animals.’ To correlate this altered glucose tolerance with some histo- 
logical evidence, if present, of beta cell impairment was the purpose 
of the experiment being reported. 

EXPERIMENTAL 

Five groups of albino rats of mixed sex were used. Animals weighed 
about 100 grams at the start of the experiment, and were weighed 
every 10 days while under observation. They were fed Purina Fox 
Chow ad libitum. The stock of rats of the Department of Anatomy 
colony, although not inbred by brother-sister matings, is quite uni- 
form genetically. 

Alloxan"* in 4 per cent aqueous solution was injected intravenously 
eveiy other day in doses of 20 mg./kg. of body weight. One group of 
rats received 2, one 4, and a third group 10 doses. A fourth group re- 
ceived a single dose of 30 mg./kg., and a fifth group received no al- 

Received for publication October 19, 1948. 

' This Investigation was supported by a research grant from the Division of Re- 
search Grants and Fellowships of the National Institute of Health, U. S. Public Health 
-Service. 

- Senior Research Fellow, USPHS. 

’ Single dose of 30 nig./kg. given intravenously to rats in this laboratory induced 
beta coll necrosis with persistent hyperglycemia and glucosuria. 

■* Alloxan monohydrate — Eastman Kodak Co. 

Copyright, 1949, bj- the Association for the Study of Internal Secretions 
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loxan. Glucose tolerance tests were conducted 10 days after the last 
injection of alloxan by withdrawing a 16 hour fasting blood sample, 
injecting 0.5 g./kg. glucose intravenously in 20 per cent solution, and 
drawing blood samples at one-half, one, and 2 hour intervals. By the 


NORMAL GLUCOSE TOLERANCE CURVES 



ALLOXAN DIABETIC GLUCOSE TOLERANCE CURVES 



Fig. 1. Comparison of glucose tolerance curves in untreated rats and rats made diabetic 
by a single intravenous injection of alloxan (30 mg. /kg.). 

end of 2 hours the blood sugar should return to the fasting blood 
sugar value, or below, if the rat is normal (Fig. 1). Blood sugars were 
determined using a modified Folin-Wu procedure (Folin, 1929). 

All groups of animals were carried on the experiment until 18 days 
after the last injection of the 10 dose group. All animals were sacri- 
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Table 1. Data presenting correlation between histology of the pancreatic 

ISLETS AND GLUCOSE TOLERANCE IN ALLOXAN-INJECTED AND UNTREATED RATS. 


Group 

Number of 
Animals 

Alloxan 

Glucose 

Tolerance 

Islets of 
Langerhan 

One 

4 

2 injections 20 mg. /kg. 

Normal 

Normal 

Two 

10 

4 injections 20 mg./kg. 

Altered 

Normal 

Three 

7 

10 injections 20 mg./kg. 

Altered 

Reduction of B* 





cell number 

Four ' 

4 

1 injection 30 mg./kg. 

Altered 

Few B* cells present 

Five 

4 

None 

Normal 

Normal 

* Beta 


Table 2. Averages and ranges of blood glucose levels during glucose 

TOLERANCE TESTS OP UNTREATED RATS AND RATS RECEIVING MULTIPLE 
INTRAVENOUS INJECTIONS OF 20 MG./kG. OF ALLOXAN 

No. of Rats 

FBS* 

5 hour 

1 hour 

2 hours 

6 

103 

Untreated Rats 
179 

130 

100 


(96-110) 

(126-294) 

(104-148) 

(70-116) 

4 

84 

S Injections 

162 

92 

86 


(70-104) 

(124-190) 

(78-108) 

(76-94) 

10 

98 

4 Injections 
195 

167 

145 


(80-110) 

(156-230) 

(140-188) 

(132-160) 

7 

90 

10 Injections 
212 

165 

142 


(6^118) 

(156-342) 

(124-206) 

(126-174) 

* Fasting blood sugar. 





GLUCOSE TOLERANCE CURVES 

(Z IN leCIIONS • ALLOXAN • ZOm^.ptr kilo. -IV) 



Fig. 2. Glucose tolerance curves of rats receiving two intravenous 20 mg. /kg. 
injections of allo.van. These curves are normal. 
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GLUCOSE TOLERANCE CURVES 

(•fl INJECTIONS AUOXAN- ZOmq.pcrKilo -IV) 



GLUCOSE tolerance CURVES 

injections -AUUOXAN- 201x19. P<r Kilo LV.) 



Fig. 3. Altered glucose tolerance curves of rats which received 4 intravenous 
20 mg. /kg, doses of alloxan. 

ficed without starvation at the same'time under uniform conditions. 
Samples of pancreatic tissue were fixed in 'Zenker’s, Bouin’s and 
Lavdovsky’s fluid. Tissue was sectioned at 4 microns and stained 
with Gomori's method (Gomori, 1943) or Heidenhain’s iron hema- 
toxylin. Every tenth section was mounted, the alpha and beta cells 
counted, and the size of the islet noted. 

RESULTS 

In animals receiving 2 injections of 20 mg./kg. of alloxan, neither 
abnormality of glucose tolerance nor what could be considered any 
significant alteration in the islets of Langerhans was noted (Tables 1 
and 2, Figs. 1 and 2). In the group of rats that received 4 injections 
- of 20 mg./kg. of alloxan impairment in glucose tolerance was found 
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(Fig. 3), the blood level of sugar being higher than normal at the end 
of 2 hours following the injection of 20 per cent glucose solution. 
Fasting blood sugar levels were normal in these I’ats. Microscopic 
examination of the islets (Figs. 6 and 7) revealed no apparent changes 
in the beta cells, and no decrease in their number (Table 3) as com- 
pared to normal islet tissue. ‘The beta cells appeared to contain their 
full complement of granules (Fig. 8). 

Rats that received 10 injections of 20 mg./kg. of alloxan showed 

GLUCOSE tolerance. CURVES 



Glucose tolerance curves 

(lO injections AUOXAN- ZOmtj pfr Kilo J v) 



Fig. 4. Altered glucose tolerance curves of rats which received 10 intravenous 
20 mg./kg. doses of alloxan. 
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GROWTH CURVES 



Fig. 5. Comparative growth curves of untreated male and female rats and rats 
of both sexes which received 10 intravenous 20 mg/kg. doses of alloxan. 

glucose tolerances similar to those found in animals receiving four 20 
mg. doses (Fig. 4). In the islets of these animals there was beta cell 
degeneration (Fig. 9), however, Avith a reduction in the average num- 
ber of beta cells for each islet (Table 3). The per cent of beta cells 
ranged from 0 to 30, as compared to normal islets where there were 
equal numbers of alpha and beta cells. Hyperglycemia and glucosuria 
did not occur in the 10 dose animals. Control rats showed normal 
glucose tolerances (Fig. 1). 

The islets of rats receiving a single dose. of 30 mg./kg. of alloxan 
exhibited extensive beta cell degeneration. Some of the islets contained 
only alpha cells (Fig. 10). These rats showed persistent hyperglycemia 
and glucosuria, and decidedly altered glucose tolerances (Fig. 1). 

Table 3. Per cent distribution of alpha and beta cells in the pancreatic 

ISLET TISSUE OP RATS RECEIVING MULTIPLE INTRAVENOUS INJECTIONS OF 20 MG./KG. 
DOSES OF ALLOXAN, OR ONE 30 MG./kG. DOSE, OR NO ALLOXAN 


Average per cent distribution 

Group Number of islets of islet cells 

Alpha Beta 


One 


2 injections alloxan 20 mg./kg. 

Two 

4 injections alloxan 20 mg./kg. 
Three 

10 injections alloxan 20 mg./kg. 

. 4 

50 

50 

8 

50 

50 

8 

70-100 , 

0-30 

Four 

1 injection alloxan 30 mg./kg. 

4 

70-100 

0-30 

Five 

Controls 

4 

50 

50 
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Diabetic animals (30 mg./kg.) had a stunted growth and a body 
weight below that of normal rats of the same age (Fig. 5). In the 
groups receiving 2, 4, or 10 injections of alloxan normal growth was 
maintained (Fig. 6). 

GROWTH CURVES 


300 

^ <90 
§ 

O no 

Z 


UO 



to 20 00 ^0 

NUMBER OF DAYS 


NORMAL RATS CCONTROLS) ^ 
DIABETIC RATS CSOrng perKilo-ivl^' 

(ALLOXAN) ’ *- 

^ _ 7(5 00 SO ~ 


GROWTH CURVES 



Fig. C. Comparative growtli curves of untreated and alloxan-treated rats. The 
upper graph compares the growth of normal rats and rats made diabetic by a single 
intravenous injection of 30 mg./kg. of alloxan. The lower graph compares the growth 
of normal rats and rats which received 4 intravenous injections of 20 mg./kg. of 
alloxan. 



Plate I 

Fig. 7. Islet of Langerhans from an untreated rat. Beta cells compose most of this 
area, alpha cells being present in only the periphery of the islet in the lower right por- 
tion. Lavdovsky-Iron Hematoxjdin. Photomicrograph X300. 

Fig. 8. Islet of Langerhans from a rat which received 4 intravenous doses of 20 
mg. /kg. of alloxan. This animal had an altered glucose tolerance curve. Islet tissue 
normal. Lavdovskj'-Iron Hemato.xylin. Photomicrograph X300. 

Fig. 9. Islet of Langerhans from a rat which received 10 intravenous doses of 20 
mg. /kg. of alloxan. This animal had an altered glucose tolerance curve, but showed 
neither hypergl 3 ’-cemia nor glycosuria. Growth was normal. Disorganization of islet 
structure with reduced number of beta cells. Lavdovsky-Delafield’s Hematoxjdin. 
Photomicrograph XloO. 

Fig. 10. Islet of Langerhans from a rat which received a single intravenous 30 
mg. /kg. dose of alloxan. This animal was clinicallj’- diabetic. Islet small consisting of 
onlj’’ alpha cells. Lavdovskj'-Iron Hematoxylin. Photomicrograph XGOO. 
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DISCUSSION 

In rats receiving four 20 mg./kg. injections of alloxan, alteration 
in glucose .tolerance without significant histological evidence of beta 
cell damage was found. Functional alteration of beta cells, that appear 
intact microscopically, would seem to result from small, repeated 
doses of alloxan. Animals which exhibit neither hyperglycemia nor 
glucosuria, but whose beta cells are functionally altered, represent 
excellent test objects for the influence of other hormones, such as 
thyroid and adrenal cortical, on the islets. With ten 20 mg./kg. in- 
jections vOf alloxan, although the beta cells were actually reduced in 
number and the structural alteration was extreme (Fig. 9), glucose 
tolerance was essentially the same as in the 4 dose animals (Figs. 3 
and 4). It is interesting that the rats receiving ten 20 mg./kg. doses 
were not clinically diabetic, although injection of a single 30 mg./kg. 
dose resulted in permanent clinical diabetes with degeneration of most 
of the beta cells (Fig. 10). 

The functional disturbance of beta cells in the absence of anj’’ de- 
cided cytological alteration (with the methods used) that might be 
considered significant represents a situation which is perhaps anal- 
ogous to that observed in at least one-fourth of the pancreases of 
human diabetics (Bell, 1947). 


SUMMARY 

Functional alteration of the beta cells of the islets of Langerhans, 
in the absence of obvious histological damage, resulted from four 20 
mg./kg. doses of alloxan given intravenousl 3 ^ The degree of functional 
inpairment was no greater when, following ten 20 mg./kg. doses, beta 
cell necrosis was present. Neither treatment induced clinical diabetes, 
although permanent diabetes ensued following a single intravenous 
dose of onlj-- 30 mg./kg. 
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INSULIN HYPERSENSITIVITY FOLLOWING THE 
ADMINISTRATION OF DESOXYCORTL 
COSTERONE ACETATE' 

CHI-PING CHENG2 and GEORGE SAYERS 
From the Department of Pharmacology, University of Utah School of Medicine 

SALT LAKE CITY 

The administration of adrenal cortical hormone inhibits or pre- 
vents the release of pituitary adrenocorticotrophic hormone (ACTH) 
which normally follows subjection of an animal to noxious agents or 
stressful conditions (Ingle, 1938; Sayers and Sayers, 1947). It has 
been demonstrated that cortical steroids with an oxygen on Cu as 
well as those of the desoxy tj'pe have an inhibitory action upon pitu- 
itary adrenocorticotrophic activity. Since these two major types of 
cortical steroids appear to be qualitatively distinct in their metabolic 
actions, one group influencing protein and carbohydrate metabolism 
and the other group electrolyte metabolism, it has been suggested that 
the cortical steroids act'directly on the adenohypophj^sis rather than 
indirectly through some product of their metabolic action, or through 
their deficiency (Sayers and Sayers, 1947). A necessary corollary 
of this “direct action” hypothesis is the following: Administration 
of desoxycorticosterone acetate (DCA), by inhibiting the adreno- 
corticotrophic activity of the adenohypophysis and in turn the se- 
cretory activity of the adrenal cortex, should lead to a disturbance in 
carbohydrate metabolism characteristic of a deficiency of those ste- 
roids having 0 on C-11. The hypothesis is supported by the experiments 
presented in this paper which demonstrate that DCA-treated rats are 
more sensitive than untreated animals tp the hypoglycemic action of 
insulin. 


MATERIALS AND METHODS 

Male rats from the Sprague-DaAvley fai-m, Aveighing -220 to 450 grams, 
were employed. In order to demedullate the rats, the adrenals Avere enucleated 
through paravertebral incisions. Before DCA AA^as implanted, a period of tAA'o 
Aveeks Avas alloAved for regeneration of the cortex from the capsule in series I 
and II, and a period of one AA'eek in series III. Each series AA'as diAuded equally 
into tAA'o groups ; one group serA^ed as a control and into each member of the 
other group six 15-mg. pellets of DCA AA'ere implanted subcutaneously. The 
pellets AA'ere distributed 0 A’'er the region of the flanks. The amount of DCA 

Received for publication November 12, 1948. 
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absorbed was calculated from the difference between the original weight of 
the pellets and their weight at the time of autopsy. The average amount ab- 
sorbed per rat per day was 1.7 mg. 

The insulin sensitivity tests were conducted from the second to fourth 
weeks after the DCA implantation. The animals were fasted 12 hours and 
then regular insulin was administered intraperitoneallj'- in a dose of 0.5 unit 
per Kg. Blood samples for sugar analysis were taken from the tail vein im- 
mediately preceding the administration of insulin and at hourly intenmls 
thereafter for four hours. Blood sugars were analyzed by Nelson’s (1944) 
modification of the Somogyi method. 

The aqueous’ and lipid'* extracts of adrenal cortex were administered 
intramuscularly. The ethanol preservative was removed from the aqueous 
e.xtract just preceding its administration. At the time of the insulin test each 
rat was given cortical extract in two equal doses; the first injection was made 
one-half to one hour before and the second injection immediately following 
the administration of insulin. Each single dose of the lipid extract was one to 
1.25 ml. and each single dose of aqueous extract was the equivalent of 2.5 
ml. of the original aqueous-alcohol solution. 

The experiments Avere planned so that an equal number of controls and 
treated animals were tested for insulin sensitivity on an}’- one particular day. 
Usuall}’- three controls and three DCA-treated rats were tested on the same 
day. Each experiment designed to test the therapeutic effectiveness of corti- 
cal extract in DCA-treated animals included trvo controls, two DCA-treated 
rats and two DCA cortical extract-treated rats. 

Additional experiments were performed on completely adrenalectomized 
rats in order to obtain an estimate of the relative sensitivity of the DCA- 
treated demeduUated rats to insulin. 

KEStTLTS 

Insulin sensitivity of DCA-treated demeduUated rats. The results of 
series I, a total of 19 rats, are presented in Figure 1. The data for 
series II and III, a total of 22 rats, have been conabined in Figure 2. 
The dose, of insulin used, 0.5 unit per Kg., is smaller than that re- 
quired to produce the same reduction in blood glucose in rats with 
intact adrenal medullas. DemeduUated rats were emplo 3 '^ed in order 
to avoid the complication of epinephrine discharge which occurs after 
insulin administration. 

There was no significant difference between the fasting blood glu- 
cose levels of the untreated demeduUated rats and the DCA-treated 
demeduUated rats. This was true of all three series of animals. 

It is apparent from Figure 1 (series I) and Figure 2 (series II and 
III) that administration of DCA to demeduUated rats markedlj’- in- 
creases their sensitivitj’- to insulin. In series I, five of the 10 DCA- 
treated animals died in hj^pogli'-cemic coma ; the remaining five had 
insulin tolerance curves which clearlj"- indicated increased sensitmtj^ 
to insulin. None of the control animals died. The tolerance curve of 


’ Adrenal Cortex Extract (Upjohn). 
* Lipo-.-Vdrenal Cortex (Upjohn). 
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only one of the nine control ariimals was in the zone of the cui’ves of 
the DCA-treated animals. The incidence and severity of coma and 
convulsions in the surviving DCA-treated animals were greater than 
in the untreated controls. One of the rats of the JDCA group died at 
a time when the blood sugar level was above what might be considered 
critical; the explanation of this is not apparent. 

In series II and III (data combined in Figure 2), the results con- 
firm those obtained in series I. Three of the 8 DCA-treated rats died 



Fig. 1. Scries I. The effect of DCA administration in dcmedullated rats upon 
insulin sensitivity. Regular insulin was injected intraperitoneally in a dose of 0.5 unit 
per Kg. at zero time. The vertical line at zero time represents the range in fasting blood 
sugar of all rats in series I. 
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in hj>pogIycemic coma following insulin administration whereas no 
deaths occurred in the control group. The tolerance curves of the two 
groups overlapped but slightly. Again the incidence and severity of 
convulsions and coma were greater in the surviving DCA-treated 
animals than in the controls. From Figure 2 it can be seen that corti- 
cal extract increased the resistance of the DCA group to insulin to 



Fig. 2. Series II and III. The eflcct of DCA administration in adrenal demodullated 
rats upon insulin sensitivity; the antagonistic action of cortical extract. Regular in- 
sulin was injected intrnperitoncally in a dose of 0.5 unit per Kg. at zero time. The 
vertical line at zero time represents the range in fasting blood sugar of all rats in 
series II and III. 
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such a degree that their tolerance curves fell into the normal zone. 
Furthermore, the clinical symptoms of the animals given DCA and 
cortical extract were indistinguishable, from those of the demedullated 
controls. 

Effect of adrenalectomy on insulin setisitivity . An estimate was made 
of the relative sensitivity of the DCA group to insulin in comparison 

Table 1. Relative insulin sensitivity of adrenalectomized, 

DEMEDULLATED AND DCA TREATED-DEMEDULLATED RATS 


Dose of 


Blood sugar mg. per 100 ml. 

insulin 

units 

Group 

Fasting 

Hours after insulin administration 

per Kg. 


level 

1 

2 

3 

- 4 


demedullated 

. 67 

31 

35 

44 

63 



59 

32 

32 

40 

51 

0.25 

demedullated 

54 

38 

42 

43 

50 


plus DCA 

-55 

23 

20 

30 

42 


adrenex 

48 

24 

18 

16 

22 



62 

24 

18 

25 

34. ■ 


demedullated 

83 

30 

31 

48 

51 



75 

31 

- 

34 

47 

45 

0.50 

demedullated 

70 

28 

Died 




plus DCA 

65 

28 

Died 




adrenex 

64 

9.5 

Died 





66 

.22 

Died 

• 



demedullated 

68 


5 

6 

Died 



70 . 


19 

50 

51 



74 


19 

21 

34 



60 

23 

21 

26 

34 



62 

15 

25 

18 

20 


demedullated 

71 

15 

Died 




plus DCA 

66 

12 

Died 



1.00 

62 

15 

Died 





62 

19 

Died 





55 

16 

— 

17 

21 


adrenex 

71 

4 

Died 





69 

2 

Died 





65 

8 

Died 





63 

17 

Died 




with that of completely adrenalectomized animals. Table 1 presents 
the results of this study. All members of the three groups, — the de- 
medullated control, the demedullated DCA-treated, and the adre- 
nalectomized animals, — survived following the administration of 0.25 
unit of insulin per Kg. However, the tolerance curves suggest that 
the adrenalectomized rats Avere slightly more sensitive than the DCA- 
treated animals. Only the controls survived the administration of 
0.5 unit of insulin per Kg. Following the administration of 1.0 unit 
of insulin per Kg. only one member of the control group died, Avhereas 
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all the DCA-treated animals succumbed except one; all four adre- 
nalectomized rats died following such treatment. Again the tolerance 
curves indicate that the adrenalectomized animals are more sensitive 
to insuhn than are the DCA-treated rats. 


DISCUSSION 

Demedullated rats were employed in these studies in order to 
eliminate the possible masking of insulin sensitivity by discharge of 
epinephrine from the adrenal medulla. The cortex rapidly regenerates 
from the capsule following enucleation of the adrenal and when re- 
generation is complete the animal appears to be normal except for its 
response to those stressful situations in which the elaboration of 
epinephrine represents an essential phase of the attempt to maintain 
homeostasis (see Ingle [1944] for a discussion of the problem of the 
resistance of the adrenal demedullated animal). 

The results of this study clearly indicate that the administration 
of DCA produces an increase in the sensitivity of rats'to insulin. The 
degree of sensitivity approaches but is not quite as severe as that of 
the adrenalectomized animal. It is reasonable to suppose that the in- 
creased sensithdty to insulin which follows administration of DCA is 
a result of a relative deficiency of cortical steroids having an 0 on 
C-11. The evidence is admittedly indirect but the explanation is in 
accord with our present knowledge of the influence of hormones upon 
carbohydrate metabolism. A number of published reports have ap- 
peared which may also be interpreted to indicate that DCA produces 
an impairment of carboh 3 ’^drate metabolism characteristic of a de- 
ficienej’^ of those steroids with an oxygen on C-11. For example, ad- 
ministration of DCA is said to increase the tolerance of diabetic 
patients to glucose (Kohler and Fleckenstein, 1941, 1942; Winnett et 
al., 1940). McGavack et al. (1941) have demonstrated that DCA in- 
fluences the response of normal human subjects to oral glucose; the 
administration of DCA caused “an earlj'^ liigher rise and a marked 
depression approaching hjq)ogl 5 '-cemic levels in the fourth and fifth 
hour.” Furthermore, chronic treatment with DCA impairs the abilitj'- 
of the rat to mobilize glucose when subjected to a variety of non- 
specific tjqies of stress (Selj'^e and Dosne, 1942). 

The effect of DCA upon electrolyte metabolism has been defi- 
nitely established. Unfortunatelsq it is not possible at the present time 
to reach a final conclusion regarding the influence of this steroid on 
carbohydrate metabolism. Does its action differ in degree onlj' from 
those steroids with an 0 on C-11, or is DCA qualitativelj’- distinct in 
its metabolic activity? The answer to this question has an important 
bearing on the interpretation of the results which have been presented 
in this paper. Under the conditions of these experiments DCA acts as 
an “antidiabetogenic” substance. Furthermore, even in large doses 
DCA has no activity as measured bj"- the glj^cogen deposition test 
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(Olson et al., 1944; Pabst et al., 1947). However, two groups of in- 
vestigators have reported that DCA has a “diabetogenic” action. 
Ingle and Thorn (1941) found that doses of 1, 2 or 5 mg. per day of 
17-hydroxy-ll-dehydrocorticosterone were followed by enhanced 
glycosuria in partially depancreatized rats, whereas similar doses of 
DCA had no effect. However, 10 mg. of DCA did produce a definite 
exacerbation of the glycosuria. Wells and Kendall (1940) demon- 
strated that DCA, although not quite as effective as Compound E, 
very definitely increased the glycosuria of the phlorhizinized-adre- 
nalectomized rat. These experiments support the view that large doses 
of DCA have a diabetogenic effect, i.e., a metabolic action similar 
to that of the cortical steroids with an 0 on C-11. However, it is im- 
portant to note that this so-called “diabetogenic” action has been 
demonstrated using large doses of DCA in experiments employing 
glycosuria as an index of “diabetogenic” action. It is possible that 
large doses of DCA produce this “diabetogenic” effect through a 
renal mechanism, that is, by inhibiting the reabsorption of glucose 
by the'renal tubule. This possibility takes on added significance in the 
light of the experiments of Wells and Kendall (1940) who noted that 
Compound E markedly increased the glycosuria of phlorhizinized- 
adrenalectomized rats and at the same time prevented the collapse, 
convulsions and death which frequently occurred in the untreated 
controls. On the other hand, DCA produced a definite although less 
marked glycosuria, but was entirely ineffective in preventing coma, 
convulsions and death. This may be interpreted to mean that DCA 
did not benefit the adrenalectomized animals by elevating the blood 
sugar but rather acted synergistically with phlorhizin to inhibit re- 
absorption of glucose at low blood sugar levels. This possibility is 
currently being subjected to experimental test by renal clearance 
studies. 

It is obvious that further experimental work will be necessary in 
order to establish definitely whether DCA has any action at all on 
carbohydrate metabolism similar to that of the steroids with an 0 on 
C-11. The results of the least complicated test, namely, the glycogen 
deposition test, would seem to indicate that DCA is qualitatively 
distinct in its metabolic actions from .those steroids with an 0 on 
C-11. 

It has been demonstrated that the administration of cortical hor- 
mones prevents or inhibits the discharge of ACTH which otherwise 
follows subjection of an animal to a variety of nonspecific types of 
stress (Sayers and Sayers, 1947). It would appear reasonable to sup- 
pose that the great variety of non-specific stresses increases pituitary 
adrenocorticotrophic activity by a common mechanism, namely, by 
increasing the requirement of the peripheral tissue cells for cortical 
hormones. Since the inhibitory effect on the pituitary is exerted by 
both the desoxj'^ type cortical steroids and those having an 0 on C-11, 
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steroids which differ markedly or even qualitatively in their metabolic 
actions, it has been suggested that the steroids act directly on the 
adenohypophysis, rather than indirectly through some product of 
their metabolic acti^dty or through their deficiency. A corollary fol- 
lows from this "direct action” hjqiothesis. Administration of DCA, 
by suppressing pituitary adrenocorticotrophic activity and in turn 
the secretory activity of the adrenal cortex, should result in a cortical 
hormone imbalance characterized by an excess of DCA and a defi- 
ciency of those normally secreted cortical steroids which influence car- 
bohydrate metabolism. The experiments presented in this paper sup- 
port such a view. 

The concept of “direct action” of cortical steroids on the adeno- 
hypophysis appears to us to be the most reasonable explanation of 
the experimental facts at present available. However, other interpre- 
tations are possible. For example, DCA might produce the effect de- 
scribed by a direct inhibitory action on the secretory activity of the 
adrenal cortex. Although evidence in favor of such an action has been 
presented by Creep and Deane (1947), the experimental results of 
Ingle et al. (1938) and Saj^ers and Sayers (1947) are against such a 
possibility. 

The structural similarity of desoxycorticosterone and the steroids 
with an oxygen on C-11 presents the possibility of competitive in- 
hibition. It is conceivable that these two types of steroids could in- 
terfere with each other in their actions upon a specific target cell. 
However, the fact that the administration of DCA causes atrophy of 
the adrenal cortex (ViUela, 1943) is strong e\ddence in favor of an 
action, direct or indirect, through the adrenal cortex itself. 

The authors in collaboration with Dr. Dixon Woodbury have re- 
cently demonstrated that the elevation of both the electroshock 
seizure threshold and the plasma sodium of intact rats treated with 
DCA can be reduced to normal levels by ACTH administered con- 
comitantly with the DCA. These results may be interpreted to mean 
that at least part of the action of DCA in the intact animal is a result 
of the suppression of pituitar}’- adrenocorticotrophic activity with a 
consequent reduction in the secretorj’- acti^’ity of the adrenal cortex. 
The}’’ lend support to the concept of “direct action” presented above. 

Selye and Pentz (1943) haA’-e demonstrated that DCA adminis- 
tered in large doses to rats on a liigh sodium chloride intake causes 
hypertension, nephrosclerosis, cardiac lesions and periarteritis 
nodosa, and belicA’e these e.xperiments support their concept that 
certain chronic degenerative diseases in man are a result of hyper- 
corticism. However, according to the present study, DCA treatment 
leads to the deA’elopment of a state of steroid hormone imbalance 
characterized b}’ an e.xcess of a compound influencing electrolyte 
metabolism and a deficiencj’- of steroids with an 0 on C-11. The role 
of the deficiency state as well as that of the excess DCA must be con- 
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sidered in arriving at conclusions regarding the etiological role of 
DCA in the production of pathological conditions of the cardiovas- 
cular system., 

, SUMMARY 

The administration of DCA to adrenal demedullated rats resulted 
in insulin hypersensitivity. The DCA-treated animals were more 
sensitive than untreated controls but less sensitive than adrenalecto- 
mized rats. The results have been interpreted to mean that DCA pro- 
duces a state of relative deficiency of those cortical steroids with an 
0 on C-11. A number of possible mechanisms whereby DCA can af- 
fect insulin sensitivity has been presented. A direct inhibitory action 
of DCA on pituitary adrenocorticotrophic activity appears to be the 
most reasonable explanation of the facts at present available. 
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A NEW PROCEDURE FOR THE DETERMINATION 
OF THE ANTIDIURETIC PRINCIPLE IN 
THE URINE^ 

• ARTHUR GROLLMAN and BETTY WOODS 
From the Departvicnts of Physiology and Pharmacology and Experimental 
Medicine, the Southwestern Medical College 
DALLAS 4, TEXAS 

It is genehally accepted tliat the liormone of the neurohypoph- 
j’’sis secretes a hormone which pla 3 ^s an important role in the water 
economj’' of the organism. This antidiuretic hormone is presumably 
excreted in part in the urine, the antidiuretic acti^'it 3 '■ of which has 
been found to parallel the need of the organism for the hormone 
(Gilman and Goodman, 1937). Thus during dehydration resulting 
from forced abstinence from water or in various clinical conditions 
(cirrhosis of the liver ivith ascites (Ralli, et ah, 1945), the nephrotic 
stage of glomerulonephritis (Robinson and Farr, 1940), eclampsia 
(Ham and Landis, 1942,) etc.), the antidiuretic potency of the urine, 
is enhanced considerably over normal. In delij^’dration, structural 
changes are also noted in the neurohypophysis, wliich are suggestive 
of increased activity of this tissue (Gersh, 1939), 

The available methods for the determination of the antidiuretic 
principle in the urine are laborious. Although the hydrated rat is very 
sensitive to small doses of the hormone, losses are apt to occur in the 
available procedures used in concentrating the urine in the commonlj”- 
used method of Burn (1931) and its modifications. These procedures 
consist in concentrating 24-hour collections of urine by evaporation 
and dialysis of the* residue. However, the available eUdence (Ham 
and Landis, 1942; Ralli, et al., 1946; Donaldson, 1947) indicates that 
the membranes used for the latter procedures are not entirely im- 
permeable to the hormone which maj’^, therefore, be partially lost. 

- The present paper describes a procedure for concentrating the 
hormone in urine which is simple and does not require dialj’^sis. The 
hormone derived from larger volumes of urine maj’^ be concentrated 
in the final extract with the exclusion of toxic urinaiy constituents 
which is not possible by previous methods. It is thus possible to de- 
tect even small amounts of the antidiuretic hormone by concentrating 
correspondinglj’- larger volumes of urine. 

Posterior pituitary solutions manifest a chloraretic as well as an 

Received for publication November 22, 1948. 
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antidiuretic action. The antidiuretic action of urinary concentrates, 
on the other hand, is not accompanied by a corresponding chloruretic 
effect which might be taken as evidence against the identity of the 
hormone with the principle occurring in the urine. The probable 
cause of this anomaly has also been elucidated. 

METHODS 

For comparative purposes, the procedures used by previous workers for 
extracting the hormone were utilized. Twenty-four-hour collections of urine 
were acidified with 3 per cent acetic acid to about pH 6, placed in Visking 
membranes and concentrated at room temperature by suspension in the air 
under an electric fan. The concentrated urine was then dialyzed for 6 hours 
and evaporated further to a volume of about 80 cc. This residue, after filtra- 
tion, was brought to a volume of exactly 100 cc. with distilled water and in- 
jected in doses of 1 cc. per 100 gm. of body weight into the test rats. The bio- 
assay procedure of Burn (1931) as modified by Ralli, et al. (1945) was used. 
For each determination, 6 groups of 3 rats were used, 2 groups serving as 
controls. 

In the modified procedure which has been devised, the sample of freshly 
collected urine is filtered and brought to pH 4.5 to 5.0 by the addition of acetic 
acid. One gm. of absorbent powdered charcoal (Darco activated carbon. 
Grade G-60) is added for each 100 cc. of urine and the mixture agitated at 
intervals for several hours. It is placed in the ice-chest overnight and the 
supernatant urine discarded. The charcoal is collected on a Buchner funnel, 
washed with small amounts of distilled water to remove adherent urine, 
drained and transferred to a centrifuge tube. The charcoal on which the anti- 
diuretic hormone is quantitatively adsorbed, is suspended in glacial acetic 
acid (5 cc. per gm. of charcoal)and agitated at intervals for several hours. 
The acid is separated from the charcoal by centrifugation or filtration and 
the hormone and other adsorbed materials precipitated by the addition of 10 
volumes of a mixture of equal parts of absolute ethyl alcohol and petroleum 
ether. This precipitate is removed by centrifugation, the supernatant fluid 
being discarded. After drying in a vacuum desiccator at room temperature 
for at least one hour to remove the organic solvents, the precipitate is dis- 
solved in the requisite amount of distilled water, filtered and bioassayed as 
indicated above. 

The chloruretic action of the final extract was determined by analysis of 
the chloride content of the urine (60 per cent output) excreted by the rats 
used for assay. Chloride was determined by Stiff’s (1948) modification of 
Sendroy’s method or by the procedure of Van Slyke (1923). 

RESULTS 

The procedure for determining the antidiuretic activity of the 
urine as outlined above is based on the fact that the antidim’etic 
principle is adsorbed quantitatively on charcoal, eluted from the lat- 
ter by glacial acetic acid and precipitated from the last-named by pe- 
troleum ether and absolute alcohol. The solubility of the antidiuretic 
factor in glacial acetic acid and its precipitation by petroleum ether 
was originally demonstrated by Kamm et al. (1928). By treating solu- 
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tions of commercial posterior pituitary extract by the above-outlined 
procedures, good recovery of the active principle is obtained as shown 
in Table 1. The data of this table were obtained by diluting commercial 
posterior pituitary extract with 0.9 per cent saline to give concentra- 
tions varying from 20 to 100 milliunits per cc. as shown in column 1. 
Aliquots of these solutions were bioassayed for their antidiuretic ac- 
tivity as described above in doses of 1 cc. per 100 gm. of body weight 
of the test rats. Similar assays were also performed on the final solu- 
tions obtained after subjecting an aliquot of the original diluted ex- 
tracts to the adsorption-elution procedure outlined above. The second 

Table L The recovery of antidxcretic activity from solutions op commercial 

POSTERIOR PITUITARY LIQUID BY ADSORPTION ON CHARCOAL, ELUTION WITH 
GLACIAL ACETIC ACID AND PRECIPITATION WITH PETROLEUM ETHER 


Concentration of 
posterior pituitary 
solution 

Delay Times 

Original e.vtract 

After adsorption, 
elution, etc. 

milliunits per cc. 

mins. 

mins. 

20 

20 

20 

30 

40 

30 

40 

50 

50 

so 

55 

50 

60 

65 

65 

70 

90 

95 

. 80 

105 

100 

100 

130 

125 


and third columns of the table give the delay times in the excretion 
of the water of the test rats. This delay time is the difference in time 
required to excrete half the water administered by the rats receiving 
extract as compared to the control animals receiving saline or water 
injections. 

The method just described reduces the possibility of loss of the 
active principle by dialysis. Previous authors have obtained diver- 
gent results in their study of the diffusibiiity of the active principle 
(Ham and Landis, 1942; Ralli, et al., 1945; Donaldson, 1947). Our 
own experiments using ultra-filti'ation and dialj’'sis through cellophane 
membranes are reproduced in Table 2. The data of this table were 
obtained by dialyzing a solution of commercial posterior pituitary 
liquid containing 20 milliunits per cc. for 6 hours against running tap- 
water or ultrafiltering the solution under a pressure of 100 mms. of 
Hg through a Visking membrane. As noted in Table 2, there was only 
a slight loss of antidiuretic activity on prolonged dialj’-sis. However, 
as seen in the results obtained on the ultrafiltrate, the membrane was 
definitely permeable to this principle as well as to the chloruretic fac- 
tor. It Avould appear, therefore, that the active principle is of such a 
molecular size as to be on the border line as regards its capacity to pass 
pass through the available membranes. This would account for the 
divergent results of previous workers who have studied the dialyza- 
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bility of the active principles of posterior pituitary extracts and urine 
(Smith and McClosky, 1924; Gilman and Goodman, 1937; Donald- 
son, 1947). In any case, the avoidance of the necessity of dia^’^sis 
avoids the possibility of loss of the hormone. Another advantage of 
the present method is that it permits one to concentrate much larger 
amounts of urine without undue toxicity of the final extract which is 
not the case when evaporation and dialysis are used, as in previous 
methods. As shown in the subsequent paper, the method permits the 
demonstration of antidiuretic activity in normal urine as well as in 
conditions in which its concentration is greatly increased. 


Table 2. The effect of dialysis on the antidiuretic and chloruretic activity 

OP AN AQUEOUS SOLUTION OF COMMERCIAL POSTERIOR PITUITARY LIQUID 
CONTAINING 20 MILLIUNITS PER CC. 



Chloride excretion 

Time for 50 per cent 
urinary excretion 


m.eq. per 100 g. 

mins. 

Controls 

1.4 

90 

(saline) 

1.5 

95 

Original solution of posterior 

0.4 

165 . 

pituitary liquid 

5.9 

150 

Same after dialysis for 6 hours 

2.5 

155 


1.5 

120. 

Ultrafiltrate of same 

7.3 

115 


6.3 

130 


The Chloruretic Action of Posterior Pituitary Extract 

As pointed out by previous workers, the principle responsibile for 
the antidiuretic action of urine differs in notable respects from that of 
posterior pituitary solution which in turn differs in action from that 
of the press-juice of fresh posterior pituitary glands (Ham and Landis, 
1942). The most notable difference between the extract or the press- 
juice and the principle in the urine is the absence in the latter of the 
characteristic chloruretic activity manifested by the glandular prep- 
arations. This has led many observers to question the view that the 
urinary principle is derived from the pituitary. It is now recognized, 
however, that the hormone of the posterior pituitary is a single mol- 
ecule which can be readily converted to moieties of the molecule 
which are still capable of manifesting part of the action of the orig- 
inal hormone (literature reviewed by Grollman, 1947). It appeared 
to us likely, therefore, that one could explain the lack of chloruretic 
action of the urinary principle by assuming that the original hormone 
was partially altered in the organism, perhaps through oxidation. We, 
therefore, oxidized commercial posterior pituitary solution containing 
10 units per cc. arid saline extracts of fresh glands by adding about 1 
CC. of 95 per cent hydrogen peroxide to 10 cc. of extract. After allow- 
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ing the mixture to stand for several hours, the solution was heated 
to boiling and zinc dust added to destroj’’ the excess peroxide. The 
resulting solution after dilution with normal saline to give a solution 
containing 20 milliunits per cc. was tested for its chloruretic and anti- 
diuretic action. As shown in Table 3, the chloruretic effect is lost fol- 
lowing oxidation without appreciable loss of antidiuretic action. 
These findings support the view that a similar effect occurs in the 
body and that the antidiuretic principle of urine, despite its lack of 
chloruretic activit 3 '', maj'^ be an altered product of the posterior pitui- 
tary hormone. 


Table 3. The effect of oxidation on the chloeuretic and antidihretic 

ACTIVITIES OP posterior PITHITARV SOLUTION 



Chloride excretion 

Time for 50 per cent 
urinary e.xcretion 


m.eq. per 100 g. 

mins. 

Controls 

0.6 

90 

(saline) 

1.8 

100 

1.6 

SO 

Untreated posterior pituitary 

10.3 

160 

solution 

8.8 

ISO 


12.0 

165 

0.\idized posterior pituitary 

1.2 

180 

solution 

0.9 

160 


1.7 

165 


The results of Table 3 were obtained on commercial posterior 
pituitary liquid. Comparable results were obtained on saline extracts 
of fresh glands and on extracts of desiccated posterior pituitary powder. 


DISCUSSION 

The procedure outlined is not only simpler and more convenient 
but also affords a more accurate method for the concentration of the 
antidiuretic principle from urine than those previously’' available. It 
has been applied to a study of hj^pertension as shown in the following 
paper with results not obtainable bj^ the older procedures of concen- 
tration by evaporation and dialj'^sis. 

The results of the present paper on the destruction of the chlor- 
uretic action of the hormone by oxidation removes one of the chief 
objections hitherto raised against the view that the antidiuretic 
principle in urine is derived fi-om the posterior pituitary' hormone. 
The ease with which the hormone as it occurs in fresh press-juice is 
altered in its properties by chemical manipulation (Van Dy^ke, et al., 
1942) and split into pressor and oxytocic fractions and the rapidity 
with which injected extracts disappear from the blood stream are 
evidence of the lability of the hormone. One would anticipate, there- 
fore, that the excretory product of the hormone might appear in an 
altered form differing in many re.spects from the native hormone. 











414 


GROLLMAN AND WOODS 


Volume 44 


The results of the present study support the view that the chlor- 
uretic action of posterior pituitary extract is due to a specific action 
of the hormone (Silvette, 1940; Little, et al., 1947), as opposed to the 
view that this action is merely incidental to its antidiuretic action. 

SUMMARY 

A new procedure is described for concentrating the antidiuretic 
principle of the urine based on adsorption on charcoal, elution by 
glacial acetic acid and precipitation by petroleum ether and absolute 
alcohol. The method offers several advantages over previously avail- 
able procedures. 

Oxidation of posterior pituitary extract was shown to result in a 
loss of its chloruretic with retention of its antidiuretic activity. It is 
suggested that a similar reaction occurs in the organism and that this 
may account for the lack of chloruretic action by the antidiuretic 
principle of the urine. 
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THE ANTIDIURETIC HORMONE IN THE URINE 
IN EXPERIMENTAL AND CLINICAL 
HYPERTENSION' 

MICHAEL E. ELLIS and ARTHUR GROLLMAN 
From the Departments of Physiology and Pharmacology and Experimental 
Medicine, the Sonthtuesiern Medical College 
DALLAS 4, TEXAS 

Hypertension, experimentally induced in laboratory animals as 
well as the clinical form of this disorder, is accompanied by certain 
changes in salt and water metabolism (Grollman, 1947). These ob- 
serA’^ations suggested the desirability of a study of the excretion of the 
antidiuretic principle in the urine in various forms of hypertension in 
order to determine to what extent the altered salt and water metabo- 
lism in hjiiertension is accompanied by changes in the antidiuretic 
activity of the urine. 

METHODS 

The procedures outlined in the preceding paper were utilized for the de- 
termination of the antidiuretic content of the urine. Twenty-four hour speci- 
mens of urine were collected from a group of patients suffering from hyperten- 
sive cardiovascular disease who had been followed in the hypertension clinic 
of the Parkland Hospital. Specimens were also collected from a series of rats 
and dogs in which chronic hypertension had been induced at least 6 months 
previously by the application of a figure-of-eight ligature to the right kidney 
and ablation of the left kidney (Grollman, 1944). The average resting blood 
pressures of the human patients are giA'en in a subsequent table. In the case 
of the rats, the mean blood pressures as determined daily for periods of seA'eral 
weeks prior to this study ranged between 150 and 200 mms. as determined 
by the plethysmographic method of Williams, Harrison, and Grollman (1939), 
In the case of the dogs, the mean arterial blood pressure as determined b3'' 
direct intra-arterial puncture with a needle connected to a mercury manom- 
eter, ranged between 150 and 180 mms. 

As controls, urine collections were made in a comparable manner from 
normotensive men, dogs, and rats and their antidiuretic activity compared 
with that of the urine from the hj'pertensives. 

In the case of the human urines (Tables 1 and 2), the 24-hour specimens 
or aliquots of same were finalU made up to a volume equivalent to 100 cc. 
per 24-hours excretion. One cc. of the final extract was injected for ever}'- 100 
g. of body weight of the test animals. In the case of the dogs (Table 3), the 
entire volume of urine was concentrated as described in the preceding paper 
and made up to a final solution of 10 cc. In the case of the rats (Table 4), 
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Table 1. The antidiueetic activity of the urine of 

HYPERTENSIVE PATIENTS AS BIOASSAYED ON RATS 


Patient 

Age 

Sex 

Blood 

pressure 

Urinary, 
excretion in 
24 hours 

Chloride 
excretion in 
50% urine 


J.H. 

65 

F 

mms. Hg. 
220/130 

cc. 

1200 

m.eq. 

2.1 

mins. 

165 

A.W. 

45 

F 

150/102 

1400 

0.8 

100 

G.R. 

53 

M 

190/110 

940 

1.0 

ISO 

O.E. 

33 

M 

190/130 

2320 

1.1 

180 

E.S. 

44 

F 

180/118 

1700 

1.1 

180 

J.B. 

48 

M 

190/110 

1100 

1.2 

180 

D.V. 

49 

F 

170/110 

2700 

1.6 

' 180 

J.V. 

23 

M 

200/140 

1330 

1.7 

180 

E.H. 

45 

F 

154/108 

1300 

0.7 - 

155 

B.H. 

46 

F 

175/140 

1675 

0.3 

130 

M.C. 

24 

F 

194/134 

1350 

0.9 ' 

90 

S.D. 

37 

F 

198/120 

1350 

1.3 

104 

P.S. 

60 

F 

170/100 

700 

1.0 

160 

B.S. 

52 

F 

154/104 

950 

0.6 

150 

M.E. 

47 

F 

170/110 

[ 1000 

1.1 

180 


Table 2. The antidiuretic activity op the urine of normotensive 

SUBJECTS AS BIOASSAYED ON RATS 


Subject 

Age 

Sex 

Blood 

pressure 

Urinary 
excretion in 
24 hours 

Chloride 
excretion in 
50% urine 

Time for 
50 % urinary 
excretion 

M.E. 

28 

M 

mms. Hg. 
110/70 

cc. 

800 

m.eq. 

2.0 

mins. 

130 

J.V. 

26 

M 


1750 

0.7 

112 - 

L.T. 

27 

M 


700 

0.7 

li5 

C.B. 

38 

M 


1550- - 

,1.1 

92 

C.R. 

23 

M 

115/85 

1100 

0.6 

100 

L.L. 

26 

M 


1050 

1.0 

114 

A.G. 

47 

M 


1100 

1.2 

116 

E.G. 

52 

F ' 


1210 

0.8 

105 

A.F. 

36 

F 


1300 

1.0 

122 


Table 3. The antidiuretic activity of the urine of normal and hypertensive 

DOGS EXPRESSED AS MILLIUNITS OF POSTERIOR PITUITARY SOLUTION 


Normotensive Controls 


Hypertensive Dogs 


Mean blood 
pressure 

Antidiuretic 
potency of 
urine 

Amount of 
antidiuretic 
principle 
excreted 

1 

Mean blood 
pressure 

Antidiuretic 
potency of 
urine 

Amount of 
antidiuretic 
principle 
excreted 

mms. Hg. 

milliunits 

milliunits 

mms. Hg. 

milliunits 

milliunits 


per 100 cc. '' 

per day 


per 100 cc. 

per day 

100 

30 

60 

150 

55 

660 

110 

44 

68 

160 

225 

630 

115 

117 

214 

170 

- 296 

858 

95 

62 

76 

180 

309 

572 

100 

SO 

84 

180 

270 

553 

105 

70 

182 

160 

. 118 

419 
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the entire urinary output was also concentrated but diluted only to 2 cc. 
The doses administered in Tables 1 and 2, therefore, correspond tojlper 
cent of the daily output per 100 g. of bodj' weight of the test rats. In the case 
of Table 3, the results are given in terms of the daity excretion of the anti- 
diuretic principle. In the case of Table 4, comparable amounts of the urine 
from normotensive and hypertensive animals were administered. 

Controls in which 0.9 per cent saline was administered in doses of 1 cc. 
per 100 g. of body weight of the experimental rat were alwaj^s run concur- 
rentlj’- with the urinary extracts. The control figures after saline and after 


Table 4. The antidieretic and chlorehetic activities of the erine 
OF normal and hypertensive rats 


Normotensive Controls { 

Hypertensive Rats 

Mean blood i 
pressure ' 

Chloride 

excretion 

Time for 
50% urinary 
excretion 

1 

Mean blood 
pressure ! 

Chloride 

excretion 

Time for 
50% urinary 
excretion 

mms. Hg. 

m.eq. per 

mins. 

mms. Hg. 

m.eq, per 

mins. 


100 g. 



100 g. 


100 

0.9 

80 

180 

0.9 

180 

110 

0.7 

95 

170 

2.8 

ISO 

90 

1.6 

75 

200 

1.4 

1 180 - 

105 • 

0.6 

90 

160 

1.6 

170 

100 

2.1 

80 

150 

1.5 

170 

95 

1.8 

SO 

210 

0.6 

180 


known doses of posterior pituitary extract were within the range of the values 
reported in the preceding paper (Grollman and Woods, 1949). 

RESULTS 

The chloruretic and antidiuretic activities obtained from the 
urine of hj'pertensive and normotensive humans are given in Tables 
1 and 2, respectively. The tables show the absence of chloruretic ac- 
tmty in urine and the presence of an increased antidiuretic activity 
of the urine of hjqiertensive patients as compared to normotensive 
individuals. Of the 15 patients cited in Table 1, the antidiuretie ac- 
tivity is increased in 11 cases and is in the normal range in only 4. 
No difference was noted in the antidiuretic action of the first 6 sub- 
jects cited in Table 2 who were non-smokers as compared to the last 
3 subjects who were heaA'y smokers. Any stimulating effect of nicotine 
or of smoking on the posterior pituitary gland (Burn, Truelove, and 
Burn, 1945) is thus not reflected in an increased excretion of the anti- 
diuretic principle of the urine. 

In Table 3 are given the results obtained on 5 hjTpertensive dogs 
as compared to a similar number of normotensive animals. Although 
the concentration of antidiuretic potency of the urine from the hj^Der- 
tensive dogs was within the range of normal in 2 cases, the total 
amount of the antidiuretic principle excreted in 24 hours was in- 
creased in every ease, ranging from 419 to S58 miUiunits per day in 
the hypertensives as compared to only 60 to 214 in the normotensive 
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dogs. There is thus a definite increase in the amount of antidiuretic 
principle excreted in the urine daily in the hypertensive dog. A similar 
state of affairs is also observed in the case of chronic hypertension in 
the rat. As shown in Table 4, the urine of the hypertensive animals 
exerts in everj’- case a marked antidiuretic activity while urine from 
normotensive animals is devoid of such action, 

DISCUSSION 

The present results demonstrate an increased excretion of anti- 
diuretic principle in the urine of hypertensive patients and of dogs 
and rats with induced experimental renal hypertension. Hypertensive 
cardiovascular disease must thus be added to cirrhosis of the liver 
with ascites (Ralli, et ah, 1943), eclampsia (Teel and Reid, 1939), hnd 
acute glomerular nephritis (Robinson and Farr, 1940) in which an 
increased rate of excretion of this principle also has been observed. 
The significance of the presence of an increased amount of the anti- 
diuretic principle in the urine in these conditions is still a matter for 
speculation. Griffith and his coworkers (Griffith, et ah, 1941; Pender- 
grass, et ah, 1947) have suggested that the posterior pituitary gland 
is hyperactive in some cases of hypertension and have recommended 
measures designed to reduce its activity. However, there is little to 
support the contention of a posterior-pituitary origin of hypertension 
(Gr oilman, 1947). 

All of the clinical conditions cited above in which an increased 
excretion of anti diuretic principle is observed have in common the 
tendency for the retention of salt and water. It is questionable, how- 
ever, if the increased antidiuretic action of the urine represents an 
increased rate of secretion of the antidiuretic hormone wliich is re- 
sponsible for the altered salt and water metabolism, or merely a 
secondary response to the primary disturbance in kidney or liver 
wliich is responsible for the altered salt and water metabolism. The 
possibility also remains that the appearance of an increased amount 
of antidiuretic principle in the urine does not reflect anj'- increased 
activity of the posterior lobe of the pituitary but rather a decreased 
rate of destruction of the hormone. In fact, the generally assumed 
role of the posterior pituitary in regulating water metabolism has 
been questioned (Newton and Smirk, 1934). Other evidence indicates 
a possible extra-pituitary origin of the antidiuretic principle found in 
urine (Walker, 1939). 

The fact that the antidiuretic activity of the urine is increased in 
both clinical hypertension of man as well as in experimental renal hy- 
pertension in animals is further evidence for the probable identity of 
these disorders (Grollman, 1947). Frankel and Wakerlin (1943) were 
unable to detect an increased excretion of the antidiuretic principle 
in hjTpertensive dogs. Their failure to do so may be attributed to the 
methods used by these workers. The use of the procedure outlined 
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in the preceding paper, however, as shown in Table 3, gives ample 
evidence that the dog is not unique but resembles man and the rat 
in the excretion of an increased amount of the antidiuretic principle 
in the urine when rendered hypertensive. 

SUMMARY 

The antidiuretic activity of the urine of normotensive men, dogs, 
and rats has been compared with that observed in patients with h}’’- 
pertension and dogs and rats with experimental renal hypertension. 
In 15 human hypertensives, the excretion of the antidiuretic principle 
was increased in 11 and within the normal range in the remaining 4. 
In the case of 6 hypertensive dogs, the daily excretion of the antidi- 
uretic principle varied from 419 to 858 milliunits as compared to 60 
to 214 milliunits in an equal group of normotensive animals. The 
urine of hypertensive rats is also strongly antidiuretic while that of 
normotensives exerts no such action when concentrated to the same 
degree. The possible significance of these observations is discussed. 
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THE INFLUENCE OF ASCORBIC ACID ON THE 
ADRENAL WEIGHT DURING 
EXPOSURE TO COLD 
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From the Research Department on Acclimatization, Institute of Human 
Biology, Medical School, Laval University 

QUEBEC CANADA 

It is well known that any type of stress produces an increase 
in weight of the adrenals, and It is believed that the weight response 
in such conditions is an aspect of the functional adaptation of the 
adrenals to the increased requirement for cortical hormones by the 
organism (Selye, 1937) (Ingle, 1938, 1939); in other words, that the 
gain in adrenal weight, under conditions of stress, is due to an hy- 
pertrophy of the cortex with a corresponding increase in adrenal cor- 
tical hormones production, and consequently an increased resistance 
towards the damaging agent. It has also been shown by many authors 
that the enlargement of the adrenal cortex can be prevented (Ingle, 
1938) (Selye, 1940) or even more that the gland may become -atro-, 
phied (Selye and Dosne, 1942) when The animals under stress are 
treated with sufficiently high doses of adrenal cortical hormones; 
moreover, such a simple chemical substance as ammonium chloride 
has been reported to inhibit slightly the adrenal enlargement normally 
induced by anterior pituitary extract (Hall and Selye, 1945).' 

On the other hand, it has been reported quite often in recent years 
that a relation of some sort — still obscure — seems to exist between 
the ascorbic acid level of the adrenal cortex and the hormonal activ- 
ity of the latter: Giroud, Santa and Martinet (1940), Giroud, Santa, 
Martinet and Bellon (1940), Giroud, Martinet and Bellon (1941), 
Giroud and Martinet (1941) have observed that not only does as- 
corbic acid favour the production of adrenal cortical hormones but 
also improves its utilization; another aspect of the same problem has 
been worked out by Long and his collaborators (Sayers, Sayers, Fry, 
White and Long, 1944), (Harkins and Long, 1945), (Long, 1947) who 
have found a decrease in ascorbic acid and cholesterol content of the 
adrenals after injection of adrenotrophic hormone or exposure to all . 
sorts of stress including cold: those changes are seen to occur a few 
hours after injury; Dugal and Th6rien (1947) have reported an in- 
crease in adrenal ascorbic acid for guinea-pigs and rabbits, and in 
other tissues for rats and guinea-pigs, during long exposures to a cold 
environment, when those animals get adapted to low temperatures; 
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if not, the contrary occurs, namely a decrease in adrenal ascorbic acid 
before the animals die; the same authors also found a direct relation 
between ascorbic acid content of the adrenals and adaptability to 
cold; subsequently, Ludewig and Chanutin (1947) have also-found 
an increase in adrenal ascorbic acid (following the initial decrease) , 
after injury (not including exposure to cold), and Th4rien and Dugal 
(1949) following the urinary excretion of ascorbic acid during expo- 
sure to cold were able to confirm indirectly the above findings of Long 
(1947), and their own (1947). 

In view of all those relations between stress, on the one hand, and 
adrenal enlargement, adrenal ascorbic acid changes, adrenal ascorbic 
acid level and acclimatization, on the other, and also in view of the 
fact that large intake of ascorbic acid increases resistance to haemor- 
rhagic shock (Stewart, Learmonth and Pollock, 1941) (Dosne de 
Pasqualini, 1946) and to cold (Dugal and Th^rien, 1947), it was only 
natural to wonder what would be the effect of relatively large doses 
of ascorbic acid on the adrenal hypertrophy normally observed during 
short or long (Emerj'-, Emery and Schwabe, 1940) exposure to cold. 

EXPERIMENTAL 

Three main experiments were conducted using white rats in the 
first ones and guinea-pigs in the last one. 

1) Short exposure of white rats to cold. 

A — Technique. In the first experiment, in which we wanted to study 
the effect of ascorbic acid on adrenal weight during a short and acute 
-exposure to cold, 140 male white rats weighing around 200 grams 
were divided into four groups: two of them were exposed to a temper- 
ature of — 1°C for 72 hours, the experimental group receiving daily, by 
intraperitoneal injections, 150 mgm. of ascorbic acid in the form of 
sodium ascorbate,* at the rate of three injections daily of 0.5 cc. each 
time, each injection being equivalent to 50 mgm. of ascorbic acid; the 
control group received daily an equivalent volume of a sodium chlo- 
ride solution (0.9%) equally dhdded into 3 intraperitoneal injections. 
The animals were kept in individual cages and fed “Purina Fox 
Chow” ad libitum; the food consumption was measured and found 
to be the same for both groups. 

Drinking water was also given ad libitum and replaced as often 
as necessary to avoid freezing. Two corresponding groups were kept 
at room temperature. All animals were sacrificed at the end of the 
three da}" period. 

B — Results, a) A most striking and unexpected result was found: 
the increase in adrenal weight, normally seen in rats submitted to such 
a cold temperature as we have used and for such a lapse of time, has 
• been -prevented by ascorbic acid: this is clearly shown in Table 1, where 


• “Redoxon forte” from Hoflman-Laroche, Montreal. 
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Table 1. Influence of ascorbic acid on adrenal weight. Short exposure 
(72 hours) to a temperature of — 1°C 




Room Temperature | 

i 

Cold Room 




• 

Num- 1 
ber of 
animals 


Adrenal 

weight 

mgm. 



Adrenal 

weight 

mgm. 

Increase 

t 


Initial 

Final 

Initial 

Final 


. 

Group I* 

24 

200.4 

204.6 

33.45 

±1.36t 

33 

201.3 

190.6 

33.70 

±1.12 

0.74 

0.14 

Group lit 

25 

199.9 

204.2 

32.47 

±0.97 

33 

202.1 

192.6 

36.09 

±0.99 

11.10 

2.G4 


* Received 150 mgm./day of ascorbic acid, 
t Received 0.9% NaCl. 
t Standard error. 


the adrenals of the group receiving ascorbic acid have an average 
weight of 33.45 mgm. at room temperature and 33.70 mgm. at — 1°C; 
the increase is less than 1% and is not significant (t=0.14). On the 
other hand, the untreated group shows the typical increase in adrenal 
weight; the average values for room temperature and — 1°C are re- 
spectively 32.47 mgm. and 36.09 mgm., representing an increase of 
11.1% in the adrenal weight of the animals submitted to cold. This 
last result is statistically significant (t = 2.64). 

b) Controls of each group (receiving ascorbic acid or sodium 
chloride) at room temperature show no significant difference in 
adrenal weiglit. 

c) Survival of the ascorbic acid group in the cold room is definitely 
better than that of the controls submitted to the same temperature, 
if the experiment lasts at least a week, in the same conditions of tem- 
perature and with animals of the same weight as above (Table 2). 


Table 2. Influence of ascorbic acid on survival of rats submitted 
DURING 7 DAYS TO A TEMPERATURE OF — 1°C , 



Number of 
animals 

Number of 
■ dead 

Survival 

Group receiving 150 mgm. /day of ascorbic acid 

12 

3 

75% 

Controls receiving sodium chloride 

12 

12 

0% 


It must be emphasized that after 3 days of exposure to cold in the 
conditions described, the difference in resistance between the two 
groups cannot be appreciated from the difference in survival, both 
groups seeming at that time equally resistant. Incidentally, it may 
be said here that doubtful results about the beneficial effect of as- 
corbic acid for resistance to cold, like the ones of Grab and Lang (1946) 
may be due to the use of only one criterion, the survival, during a too 
short period of time. 

d) It is clear, from Table 3, that the control group in the cold 
room shows an increase in kidney weight (as compared to room tem- 
perature) but not the group receiving ascorbic acid. 

2) Long exposure of white rats to cold. 

A — Technique. In the second experiment which was performed on 
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Table 3. Influence of ascorbic acid on kidney weight. Short exposure 
(72 hours) to a temperature of — 1°C 



j Room Temperature | 

1 Cold Room 1 

1 

% 

In- 1 

crease j 

t 

Num- 1 
ber of j 
animals | 

Weight of 
animals j 

ludney 

weight 

gm. 

Num- 
ber of 
animals 

Weight of 
animals j 

Ividney 

weight 

gm. 



j Initial ' 

Final | 

Group recei4*ing 

25 

200.4 

204.6 ; 

2.141 

32 

201.3 

190.6 

2.057 

-3.92 

1.1 

ascorbic acid 




±0.05 




±0.05 



Control group re- 

25 1 

199.9 

204.2 i 

2.076 

32 

202.1 

192.6 1 

2.225 

7.17 

3.13 

ceiving NaGl 




±0.05 




±0.05 



Difference j 




3.13% 




8.1% 







(t=0.95) 




{I=S.S7) 




130 male wliite rats, weighing around 250 grams, two groups were 
exposed to a relatively mild cold of 4°C for a period of 244 days. One 
of the two groups received daily, by mouth, 25 mgm. of ascorbic acid, 
and the control group, tap water. Corresponding groups were also 
kept at room temperature. All other conditions were similar to those 
described for the first experiment. 

B — Results. The results are the same as in the first experiment, but 
still more obvious. 

a) The same phenomenon, that ascorbic acid prevents the hyper- 
trophy of the adrenals, during exposure to cold, is still more visible 
here than it was for a short exposure to cold (Table 4). The average 


Table 4. Influence of ascorbic acid on adrenal weight. Long exposure 
(244 days) to a temperature of 4°C 



Room Temperature j 

j Cold Room 


1 

Num-'^ 
ber of 
animals 

1 Weight o! 
animals 

Adrenal 

weight 

mgra. 

Num- 
ber of 
animals 

1 Weight ol 

1 animals 

Adrenal ! 

weight 

mgm. 





Croup receiving 

24 

269 

364 

36.90 

28 

256.4 

305.5 

37 .90 

2.7 

0.48 

ascorbic acid 

1 



±1.75 




±1.15 



Control group 

oo j 

270 

360 

36.65 1 

18 

270.6 

301.3 

44.88 

22.4 

2, So 

(tap water) 




±J.S9 ! 




±S.9S 



Difference 

1 



nil 




18.4% 






i 









adrenal weight for the group receiving ascorbic acid is about the same 
at room temperature or in the cold room. The control group, in the 
cold room, shows an increase in adrenal weight of over 20% (as com- 
pared with animals of the same age kept at room temperature). 

b) Survival in the cold room is clearly favoured by ascorbic acid 
(see Table 5). 


Table 5. Influence of ascorbic acid on survival op rats submitted 
244 D.AYS TO A temperature OF 4°C. 



Number of 1 
animals j 

Number of 
dead 

Survival 

Group receiving ascorbic acid j 

35 1 


SO.0% 

Group receiving tap water 

35 1 

mmm 

51.4% 
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As a matter of fact, the ascorbic acid group submitted to cold did 
just as well as the controls of each group kept at room temperature. 

c) Table 4 also shows that the gain in weight in the cold room is 
greater for the ascorbic acid group than for the' control group, the 
per cent increases in average weight being respectively 19.1 and 11.2. 

3) Long exposure of guinea-pigs to cold. 

The previous results obtained' on rats raised the question as to 
- what effects ascorbic acid would have on adrenal weight of guinea- 
pigs, unable to synthesize that vitamin, during relatively long ex- 
posure to cold. 

A — Technique. Two experiments were performed differing by the 
quantity of ascorbic acid administered daily, the initial weights of 
the animals (male guinea-pigs) when first exposed to cold, the tem- 
perature of the cold room and the duration of exposure. All groups 
received their ascorbic acid by mouth. Group II, 25 mgm. daily, 
Group VI,^ 10 mgm., and Group IX, 2 mgm. The animals were placed 


Table 6. Influence of ascorbic acid on adrenal weight. Guinea-pigs 
EXPOSED TO COLD FOR 90 DAYS* 




Room Temperature 




Cold Room 





Num- 

jDerof 

ani- 

mals 

Body weight 

Average 

ascorbic 

acid 

mgm./gm. 

adrenals 

Adrenal 

weight 

mgm. 

Kum- 
ber of 

Body weight 

Average 

ascorbic 

acid 

mgm./gm. 

adrenals 

Adrenal 

weight 

mgm.' 

L?. 

crease 

t 


Initial 

Final 

ani- 

mals 

1 




Group 11 

25 

375.0 

626.4 

0.742 , 

375.0 

±24.86 

26 

449.4 

486.8 

0.857 

409.2 

±16.97 

9.1 

T.12 

Group IX 

Difference 

25 

391.8 

654 

0.182 

369.7 

±20.32 

, 1.4% 
(t=0.16) 

23 

447.7 

472.3 

0.167 

475.5 

±18.92 

16.2% 

(1=2.62) 

28.6 

3.81 


* (— 8®C for 12 hours and for 12 hours every day.) 


in individual cages. The food (“Purina Rabbit-Chow” was given ad 
libitum, measured and found to be consumed in equal quantities by 
the different groups exposed to the same temperature, but the con- 
sumption was greater in the cold room than at normal temperature. 
Drinking water was also given ad libitum. 

B — Results, a) The results presented in Table 6 show exactly the 
same phenomenon for guinea-pigs as the ones described above for 
white rats, namely that the hypertrophy of the adrenals is signifi- 
cantly smaller in the group receiving more ascorbic acid. In fact, the 
group receiving 25 mgm. daily (per os) of ascorbic acid shows an adre- 
nal enlargement of 9.1% which is statistically insignificant while 
the adrenal weight of the other group which received only 2 mgm. a 
day of Vitamin C is 28.6% greater in the cold room than at room 
temperature, and the result is highly significant (t=3.81). The dif- 
ference between the adrenal weights of each group is very small and 
not significant at room temperature, but significant (16.2%; t=2.62 
in the cold room. 
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The average ascorbic acid concentration of the adrenals is also 
shown. It is — as expected — larger in group II than in group IX; be- 
sides, if one compares the concentrations for ascorbic acid for the 
same group at room temperature and in the cold room respectively, 
one finds that for group II, more ascorbic acid is retained in the 
adrenals of the subjects exposed to cold: the difference is significant 
and is in line with our previous results (Dugal and Th^rien, 1947). _ 
The difference for group IX, in the same conditions, is not significant, 
b)' One other experiment is summarized in Table 7: the groups 


- Ta^le 7. Influence of ascorbic acid on the adrenal weight of ghinba-piqs 
EXPOSED TO 2“C FOB 40 DATS 




GROUP VI 


GROUP IX 

Difference 
in relative 
adrenal 
weight 



Num- 
ber of 
ani- 
mals 

[ Body weight I 

Adrenal vrt. 

Num- 
ber of 
ani- 
mala 

Body ' 

weight 

Adrenal wt. 

t 




Body wt. 
mgm./gm. 



Body wt. 
mgm./gm. 



Initial ; 

Final 

Initial 

Final 


Cold Room 

24 

437.4 

506.8 

0.6489 

25 

426.3 ! 

467.4 

0.7628 

17.5% 

s.se 

Room Tem- 
perature 

25 

449.1 

654.8 

0.4760 

23 

457.2 

659.0 

0.4549 

4.6% 

i 

0.92 


used received respectively 10 mgm. (Group VI) and 2 mgm. (Group 
IX) a day of ascorbic acid by mouth, the experiment lasted 40 days 
instead of 90, and the temperature was maintained constantly at 2°C 
throughout the experiment. The results presented are for adrenal 
weight as related to the body weight: this seemed to be the only logi- 
cal procedure to follow, since all groups gained weight — even in the 
cold room — but the gain in weight was highly unequal for the differ- 
ent groups (in the cold room, the group receiving more ascorbic acid 
gained more weight). 

Here again, it is obvious that ascorbic acid has an influence on 
adrenal weight at low temperature (the more ascorbic acid being 
Taken, the smaller being the adrenal weight), but not at room tem- 
perature. 

c) Oedema of the penis, one of the symptoms of non adaptation 
to cold (Leblond and Dugal, 1943) occurs more frequently in groups 
of guinea pigs receiving less ascorbic acid (ratio = 6:1 for the two 
experiments). 

SUMMARY AND CONCLUSIONS 

The typical enlargement of the adrenah under the influence of stress, 
observed many times before by other workers, and by ourselves for 
our controls in this actual series of experiments where cold was the 
damaging agent, is completely prevented, in rats and guinea-pigs ex- 
posed to cold if they receive large doses of ascorbic acid. 

Surprising as it maj’' seem, it is the verj’’ animals which have the 
smaller adrenals (those which receive the large doses of ascorbic acid) 
which are — and hy far — the more resistant to cold. 

Those experiments show that ascorbic acid seems to plaj"^ a com- 
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pensatory role somewhat similar to the one of adrenal cortical hor- 
mones. The normal hypertrophy is prevented — although there is no 
atrophy — but, at the same time, the resistance to cold is increased. All 
those results, bringing new fundamental facts about the beneficial 
physiological effects of ascorbic acid in the cold, confirm our previous 
findings on the role of ascorbic acid for resistance and acclimatiza- 
tion to cold. 

It is the first time, to our knowledge, that a substance other than 
a hormone, a substance which is called a Vitamin, is reported to pre- 
vent entirely, at least in the conditions that we have been using, the 
hypertrophy of the adrenals in a case of stress. 
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THE ACTION OF TESTOSTERONE ON THE - 
ADRENAL CORTEX OF THE HYPOPHY- 
SECTOMIZED, PREPUBERALLY CAS- 
TRATED MALE MOUSED 

I. CHESTER JONES= 

Frovi the Biological Research Laboratory, Harvard School of Dental Medicine 

BOSTON, MASS. 

The adrenal cortex of the adult male and the parous female 
mouse consists of a connective tissue capsule surrounding the whole 
gland, an outer zona glomerulosa, a zona fasciculaW and generally 
but not invariably a zona reticularis and a medullary connective tis- 
sue capsule. In young mice and in virgin females a further zone is 
recognizable, namely, the X zone and this shows variations with sex 
and age. In those mice with an X zone a medullary connective tissue 
capsule is not present and a zona reticularis is not well-developed or 
is absent (Waring, 1935; Jones, 1948a). For convenience of descrip- 
tion the zona glomerulosa and tlie zona fasciculata (and the zona 
reticularis) are together termed the “permanent” cortex. In contra- 
distinction to this term the X zone has been referred to as the “tran- 
sitory” cortex (Whitehead, 1933) but the former term will be em- 
ployed in this paper as it is now the name in common usage. 

The variations of the X zone in the female mouse adrenal are not 
dealt with in this paper. In the male, however, the X zone disappears 
regularly at maturity, the degeneration usually being completed by 
40 days (Howard, 1927; Deanesly, 1928; Whitehead, 1933; Waring, 
1935 and others). Castration of the immature male mouse, preferably 
at about 21-25 days of age allows the X zone to remain and to in- 
crease in size. Sucli prepuberally castrated male mice have been 
studied by Deanesly and Parkes (1937), who showed that injections of 
androgens caused the disappeai'ance of the X zone so that the adrenals 
then assumed the histological appearance characteristic of those of 
normal adult mice. Suppression of the X zone bj'^ testosterone in both 
male and female mice has also been shown (see Howard, 1940, for 
references). It is unknown whether or not. this destructive action of 
androgens is a direct one on the X zone or mediated through the pitu- 
itaiy. The results of an experiment designed to elucidate this problem 
bj”^ the use of hjTJophysectomized, prepuberally castrated male mice 
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are given here. Included in this paper are also the results of short term 
treatment with testosterone on the permanent cortex of the adrenals 
of the mice in the different experimental categories. 

MATERIAL AND METHODS 

Male mice of the “Swiss albino” strain were used. Twenty-eight were 
castrated at 21 daj'^s of age and left for 12 days (during which time the ad- 
renal X zone persists and increases in size). At 33 daj'^s of age the mice ivere 
divided into the four groups delineated below. All the mice were killed at 42 
days of age. 

I. Six untreated castrated mice. 

II. Six castrated mice injected subcutaneously once daily with 1 mg. of 
testosterone propionate in sesame oil.* The injections were started at 
- 34 da 3 '^s of age, repeated for seven days, the animals being killed 24 
hours after the last injection. 

III. Six castrated mice were hypophysectomized and killed nine days later. 

IV. Ten castrated mice were hj'’pophysectoniized. Subcutaneous injections, 
once daity, with 1 mg. of testosterone propionate in sesame oil* were 
given for 7 daj'^s, starting 24 hours after operation. The animals were 
killed 24 hours after the last injection. 

The aA^erage of the body and the seminal A'-esicle weights of these four groups 
of mice are given in Table 1. The testosterone treated animals were livelier 


Table 1. Average body and seminal vesicle weight of 

THE FOUR GROUPS OP MICE, AT DEATH 


Group 

Number 

in 

Group 

Treatment* 

Body 
Weight 
in gms. 

Weight of 
seminal 
vesicles 
- in mgs. 

I 

G 

Castrated 

IS.S 

2.4 

II 

6 

Castrated; testosterone injected. 

21 .7 

45 . 1 

III 

C 

Castrated; hypophysectomized 

13.8 

2.2 

IV 

10 

Castrated; hypophysectomized. 





testosterone injected 

15.8 

28,. 5 


* For details, see text. 


and “sleeker” than the controls. However, the actual bodj'- weight differ- 
ences between Groups I and II and between Groups III and IV are of doubt- 
ful significance. Seminal vesicle weights in Groups II and IV as compared to 
those of Groups I and III indicate that the testosterone was liiologicallj’’ ac- 
tive. 

The operation of hj'^pophysectomj'- was performed bj^ the parapharyngeal 
approach. Confirmation of the completeness of hypoplij^sectomy tvas made 
in the case of ten animals (5 from Group III and 5 from Group IV) by exami- 

’ “Perandren,” Ciba Pharmaceutical Products, Inc., supplied through the courtesy 
of Dr. Houghton. 
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nation of sections made' of the appropriate area. In the remainder, the suc- 
cess of the operation was judged bj' examination of the sella under the binoc- 
ular microscope. It ivas found that this macroscopic examination is a com- 
plete confirmation once the individual technique is established. Hj^pophj^sec- 
tomy is here interpreted as the absence of the anterior and intermediate 
lobes (see Newton and Richardson, 1940, for discussion). 

The mice, after castration and until the termination of the experiment, 
were kept on a high caloric synthetic diet (Shaw, 1947, gives the composition). 
It has been found that the chance of survival of hypophysectomized rats is 
greatly enhanced by the use of high caloric diets (Shaw and Creep, unpub- 
lished), and the results Avith mice used in this experiment and in other series 
confirm this (Jones, 1948b and unpublished). 

The mice Avere killed Avith chloroform. The right adi-enal Avas fixed in 
Bouin’s fluid, embedded in paraffin, cut at 7 m and stained Avith Harris’ 
haemotoxylin and eosin, or Heidenhain’s Azan. Tlie left adrenal Avas fixed in 
10% formalin for at least 48 hours, Avashed in running AA'ater for an hour and 
sectioned on the freezing microtome at 15ju. Six sections from each gland AA'ere 
taken and treated as folloAvs: (1) stained Avith Sudan black; (2) stained Avith 
Sudan IV; (3) stained Avith Sudan IV and counterstained AA'ith haemotoxylin; 
(4) treated AA-ith the Schiff i-eagent; (5) mounted unstained in glycerine and 
vieAA-ed Avith the polarizing and Avith the fluorescent microscopes; and (6) left 
in acetone at room temperature for half an hour and used as a control sec- 
tion for (5). These methods used on the left adrenal are discussed by Demp- 
sey and Wislocki (194G) and have been employed extensiA'ely (see Deane and 
Creep, 1946; Creep and Deane, 1947; Dempsey, Bunting and Wislocki, 
1947). In this paper, hoAA-ever, substances Avhich react positively for all these 
tests are not regarded as necessarily indicating the presence of ketosteroids. 
NeA^ertheless criticism (Albert and Leblond, 1946; Yoffej' and Baxter, 1947) 
Avhich denies this specificitj'" overlooks the extreme usefulness of the methods. 
The minimum evaluation of the histochemical tests emplo3’^ed here is that 
Sudan stains expose lipids, the Schiff reagent reacts Avith the aldehjffie group 
and perhaps identifies in tissue sections the “plasmalogens” (Thannhauser 
and Schmitt, 1946), that examination Avith the polarizing microscope rcA'eals 
anisotropic substances appearing after formalin fixation and that AA'ith the 
fluorescent microscope the presence and distribution of fluorescent substances 
are shoAvn up in the adrenal cortex, and that these substances are acetone 
soluble. 

NeA'^ertheless, irrespectiA'e of any claim for specificitj'' for an}'' type of 
chemical compound, it is probable that the substances these tests reA'eal are 
fairlj’’ directlj' related to and fluctuate in accordance Avith the hormone (or 
hormones) so abundantly produced the normal gland. Furthermore the 
reactivity Avith these tests is dependent on the endocrine status of the gland 
at the time and can be correlated AA'ith the state of activity of the adrenal 
cortex. For instance, good pointers to secretorj' state are giA'en bj' considera- 
tion of the size and distribution of sudanophilic droplets AA'ithin the cells, 
the predominance of the type of birefringence, Avhether coarse or fine, the 
intensitj' of the color after the Schiff reagent, and the particular areas Avhich 
contain autofluoreseent material. It is to be expected that tissues positive 
to some of these tests are scattered throughout the bod}'. For e.xamplc, an}' 
tissue with a molecular orientation is double refracting, fats in general are in 
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the class “lipids” and are sudanophilic, and Schiff positive' substances are 
widespread throughout the body. However, the significant fact must not be 
overlooked that only the known steroid producing organs in their normal 
condition give positive results with all five of these tests. In brief, as regards 
the adrenal gland it is certain that these tests expose cortical changes in a ■ 
more sensitive manner than the routine methods. Furthermore, these changes 
can be interpreted to throw light on the state of its activity. 

RESULTS 

1. The adrenal of the untreated prepuberally castrated male 
shows a well-developed X zone (Plate I, fig. 1). In the haemotoxylin 
and eosin preparations the zone is compact with the cytoplasm of the 
cells densely eosinophilic, the nuclei large and basophilic. The zone 
is unmistakable and has been described frequently after routine prep- 
arations as has the permanent cortex (Howard, 1927; Deanesly, 1928; 
Whitehead, 1933). After the lipid histochemical methods, the X zone 
is not sudanophihc, not Schiff-positive, contains no birefringent 
material (Plate II, figs. 5 and 9; Plate III, fig. 13) and is not auto- 
fluoresecent. The zona glomerulosa and zona fasciculata are positive 
for these tests; the Sudan and the Schiff reagents give strong colors 
(figs. 5 and 9) the reaction being within the droplets and autofluo- 
rescence being shown .by both zones. The birefringent particles are 
both coarse and fine, scattered throughout the two zones (fig. 13). 
The acetone extracted control section is not autofluorescent or bire- 
fringent. 

2. In the adrenal of the prepuberally castrated male injected with 
testosterone the X zone has disappeared and a medullary connective 
tissue capsule has formed (Plate I, fig. 2). The adrenal after the histo- 
chemical methods gives much the same picture as for the control (1 
above). The Sudan and Schiff reactions, however, give less strong 
colors and there are fewer fine birefringent particles scattered in the 
cortex (Plate II, figs. 6 and 10; Plate III, fig. 14). A few big sudan- 
ophilic droplets lie in the juxtamedullarj'^ cells (fig. 6) ; these are Schiff 


Description of Plates 

Plates I, II and III are section of adrenals from male mice, castrated at 21 days of age 
and killed at 42 days of age. Other experimental treatment in the different categories is indi- 
cated in each figure legend, the precise details being given in the text. 

Pl.ate I. Figs. 1 and 3 H.arris’ haemotoxylin and cosin; figs. 2 and 4 Heidenhain's Azan. 
X190. 

1. Castrated mouse. Juxtamcdullary X zone well-developed. 

2. Castrated mouse, injected with 1 mg. testosterone propionate daily for 7 days. The 
X zone has disappeared and a medullary connective tissue capsule formed. 

3. Castrated mouse, hypophysectomized for 9 days. The X zone has condensed, the nuclei 
pycnotic; the zona fasciculata shows atrophy, the zona glomerulosa is little affected by the 
operation. 

4. Castrated mouse, hypophysectomized for 9 days, injected with 1 mg. per day of testos- 
terone propionate for 7 days. The X zone has disappeared, a medullary connective tissue 
capsule has formed; the zona fasciculata is atrophic, the zona glomerulosa is little affected. 
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negative (fig. 10) and do not contain birefringent particles (fig.l4). 
The “permanent” cortex is autoflourescent. The acetone extracted 
control section is not autofluorescent or birefringent. 

3. In the adrenal of the hypophysectomized, prepuberally cas- 
trated male, after the routine preparation, the zona fasciculata shows 
the changes characteristically consequent on this operation, with 
shrinkage of cell cytoplasm, and the pycnosis of nuclei. The zona 
gloraerulosa shows little or no change. The X zone is still distinguish- 
able; it is less eosinophilic, somewhat condensed, with the nuclei 
pycnotic (Plate I, fig. 3). After the histochemical methods, the sudan- 
ophilic droplets in the zona glomerulosa are coarser and less numerous 
than in the controls (Plate II, fig. 7), they are less Schiff-positive 
(Plate III, fig. 11), less autofluorescent, and the birefringent particles 
are coarse and few in number (Plate III, fig. 15). The zona fasciculata 
is intensely sudanophilic, with the droplets large and tending to 
coalesce, the color after Schiff is intense; the birefringent particles 
are coarse for the most part and show a tendency to clump (figs. 7, 
11 and 15); autofluorescence is slight to absent. The acetone ex- 
tracted control section is not autofluorescent or birefringent. 

4, In the adrenal of the h 3 q)ophysectomized prepuberally cas- 
trated male injected with testosterone, the X zone has disappeared 
and a medullary connective tissue capsule formed (Plate I, fig. 4), 
The routine preparation show the zona glomerulosa and the zona 
fasciculata in the condition noted for 3 above — the uninjected hy- 
pophysectomized animal. The histochemical tests on the left adrenal 
give constant differences, however. The zona glomerulosa has fewer 
sudanophilic droplets (Plate II, fig. 8) ; it is only faintly Schiff-positive 
or not at all (Plate III, fig. 12) ; to find birefringent particles in it is 
rare and these when present are coarse (Plate III, fig. 16); it is not 
autofluorescent. The zona fasciculata is intensely sudanophilic (fig. 


Plate II. Magnification X90. Adrenal sections at 15/i made on the freezing njicrotomc. 

5. Castrated mouse, adrenal after Sudan IV. The zona gloraerulosa and zona fasciculata 
have taken the Sudan stain, the X zone lying between the latter zone and the medulla (at the 
bottom of the photograph) has not. 

6. Castrated mouse injected with testosterone for 7 days, adrenal after Sudan IV. The 
Sudan droplets arc somewhat sparser and more irregularly distributed in the zona glomerulosa 
and zona fasciculata. The X zone has been destroyed. A few small very sudanophilic areas 
lie against the medullary connective tissue capsule. 

7. Castrated mouse hypophysectomized for 9 days, adrenal after Sudan IV. The zona 
fasciculata is densely sudanophilic with coarse droplets; there is rather less sudanophilic ma- 
terial in the zona glomerulosa but the amount present is densely stained. 

8. Castrated mouse hypophysectomized for 9 days, injected with testosterone. Adrenal 
after Sudan IV. The zona fasciculata is densely sudanophilic, the droplets are coarse. The 
zona glomerulosa is sparsely sudanophilic and can be clearly demarcated from the zona 
fasciculata. 

9. Castrated mouse, adrenal after the Schiff reagent. The zona glomerulosa and zona fascic- 
ulata arc Schiff positive, the X zone is Schiff negative. 

10. Castrated mouse injected with testosterone, adrenal after the Schiff reagent. Both the 
zona glomerulosa and zona fasciculata arc Schiff positive, the color is less intense than that 
of the control, fig. 9. 
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8), weakly Schiff positive (fig. 12), and full of coarse birefringent 
particles, largely clumped together (fig. 16). It is faintly autofluores- 
cent or not at all. The acetone extracted control section is not auto- 
fluorescent or birefringent. 


DISCUSSION 

The persistent adrenal X zone of the prepuberally castrated male ^ 
mouse is rapidb’’ destroyed b 3 ’- the injection of testosterone and a 
medullary connective tissue capsule forms. In the hypophysectomized ■ 
prepuberallj’’ castrated male the X zone becomes atrophic but per- 
sists as a condensed laj’^er (X zone remnants can still be recognized 
up to 40 daj'^s after operation. (Jones, 1948b and unpublished). This 
X zone is swept awaj’’ by exogenous testosterone and a medullary con- 
nective tissue capsule appears. It would seem that the' action of 
testosterone on the X zone is a direct one, in the absence of the X 
zone maintaining principle of the pituitary. Tliis latter has been 
shown (Jones, 1948c) to be a pituitary gonadotropin, possibly ‘LH’. 
We envisage the mechanism of X zona destruction in the normal 
male mouse then to be as follows— the androgens produced concomi- 
tant with maturity reduce the secretion of pituitary ‘LH’ (Greep, 
Van Dyke and Chow, 1942) until a balance is formed and at the 
same .time the androgens act directly on the X zone to destroy it, 
this destructive action being aided perhaps bj’- the lessening secre-^ 
tion of ‘LH’ — the X zone maintaining factor. 

The function of the X zone is not known. It has frequently been 
referred to as the “androgenic” zone and assigned the function of 
androgen secretion. There -is no experimental evidence for this view 
(Gersh and Grollman, 1939a and b; McPhail and Read, 1942; and 
Howard, 1946). It is significant that the well developed X zone is 


Plate III. Figs. 11, 12, X90. Figs. 13 to 16, X120. .\dronal sections at \5n made on the 
freezing microtome. 

11. Castrated hypophysectomized mouse, adrenal after Schiff reaction. Positive reaction 
in permanent cortex, the X zone negative. The zona glomerulosa shows less color than the 
zona fasciculata, which takes the stain intensely. 

12. Castrated hypophysectomized mouse, injected with testosterone, adrenal after 
Schiff reaction. Little reaction in the zona glomerulosa, positive in the zona fasciculata but 
weakly so. No X zone. 

13. Castrated mouse. Plain section of adrenal mounted in glycerine taken with the polar- 
izing microscope. The permanent cortex has scattered in it a mixture of coarse and fine bire- 
fringent particles. The X zone does not show as it contains no birefringent material. 

14. Castrated mouse injected with testosterone. Plain section of adrenal mounted in 
glycerine taken with the polarizing microscope. The cortex contains a mixture of fine and 
.coarse birefringent particles but these are sparse. The apparent wider cortex is not significant, 
merely being the chosen area. 

15. Castrated hj'pophysectomized mouse. Plain section of adrenal mounted in glj-cerine 
taken with a polarizing microscope. The zona glomerulosa shows a few scattered, coarse 
birefringent particles. The zona fasciculata shows a clumping of this material. 

16. Castrated hypophysectomized mouse injected with testosterone. Plain section of 
adrenal mounted in glycerine taken with a polarizing microscope. Hardly any birefringence in 
the zona glomerulosa, the zona fasciculata with clumps of coarsely birefringent particles. 
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negative for those tests for which the known steroid-producing tissues 
of the body are positive. The tests when positive show up in the 
adrenal cortex substances in addition to the steroid hormones. When 
these tests are negative, it seems likely that neither these substances 
nor the steroid hormones are present. Alternatives to this interpreta- 
tion are first that the hypothetical steroid hormone of the X zone is 
produced and passed into the blood stream so quickly that it is not 
“caught” by fixation; or second that this hypothetical hormone is not 
elaborated in the same way as the steroids are thought to be in the 
permanent adrenal cortex. If eitlier of tliese alternatives were true, 
then the fact that the X zone is negative to the tests used would not 
be conclusive. There is no evidence available which would decide the 
issue. 

Shoi’t term injection of testosterone propionate had only a slight 
effect on the permanent cortex of the prepuberallj'' castrated mouse. 
Based on the birefringence, which was lessoned as compared with the 
controls and for the most part coarse in nature, the indication is that 
the secretory activity of the cortex has -diminished. For, in general, 
heightened activity is reflected in increased fine birefringence and 
diminished activity by increased coarse birefringence (Weaver and 
Nelson, 1943; Deane, Shaw and Greep, 1948). The changes in the re- 
sults from the other tests, as compared with the normals, are not 
definite enough to be conclusive. Testosterone injections have, how- 
ever a marked effect on the adrenal, as judged bj’' histochemical tests 
when these animals are hypophysectomized. In this case the changes 
consequent on h3q3oph3’'sectomy are hastened and the adrenals of the 
injected mice 9 days after operation have the appearance of those 
from mice about 15 days or so after operation (from another series 
Jones, 1948b and unpublished). The zona glomerulosa has a lessened 
content of substances positive for the histochemical tests as compared 
to the untreated hypophysectomized animals, although in the routine 
preparation the zone is hardly changed in the adrenals of mice from 
anj'- of the experimental categories. Further experimentation is re- 
quired before these results in the zona glomerulosa can be interpreted. 
In the zona fasciculata there is much coalescence of the big sudano- 
philic droplets, the Schiff reaction is weak, and the birefringent parti- 
cles are all coarse and clumped together. It is clear that the atrophy 
of the zona fasciculata of the hypophj^sectomized animal has been 
increased bj'- testosterone injection. It appears then that testosterone 
can have a direct atrophic effect on the permanent cortex in the ab- 
sence of the pituitary. 

The writer is unaware of any other observations on the results of 
androgen injections into hypophy.sectomized mice. In the rat Leonard 
(1944) reported that testosterone injected into hj'^pophysectomized 
animals had an “adrenocorticotrophin-like” effect on the adrenals in 
that the adrenal atrophj’' normallj'^ consequent on the operation did 
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not occur and that the glands were heavier than those of the untreated 
hj'pophysectomized controls. The results of Leonard are surprising 
especiallj’^ in view of the fact that exogenous androgens do not cause 
h3'^pertroph3’- of the adrenals in either the rat or the mouse, indeed 
atroph3^ is the usual consequence (see Sel3^e, 1939 ; Parkes, 1945 ). Also 
adrenal “castration h3’-pertroph3'^” in the rat is removed b3'- androgen 
injections (Hall and Korenchevsk3r, 1938 ). The earlier report on the 
results of testosterone injection into the h3^poph3’^sectomized rat b3f 
Cutul3'’ et al. ( 1938 ) is more in accord with the results with the mouse 
given here. The3^ noted that the adrenals of h3^poph3’-sectomized rats 
after androgen treatment had histologicall3^ the typical shrunken 
cortices characteristically following hypoph3’^sectomy although 5 out 
of 12 adrenals were hea^der than those of hypophysectomized con- 
trols. It is interesting to note that in another species, the ground 
squirrel, Zalesk3'- et al., ( 1941 ), found that testosterone injections had 
no effect on the atrophy or weights of the adrenals of h3"pophysecto- 
mized animals. On the whole it seems clearl3’^ established that testos- 
terone can have a direct effect on the “permanent” cortex of the 
adrenal (that is without pituitary mediation) and that this action in 
the mouse is in the direction of atrophy. The physiological signifi- 
cance, however, of the action of androgens on the adrenal of either 
the intact or the operated animal is unknown. 

SUMMARY 

The adrenal X zone persists in the prepuberall3" castrated male 
mouse and the zone is destro3"ed b3’’ testosterone injections. Likewise, 
the X zone persists, although atrophic, in the adrenal of tlie hypoph- 
ysectomized, prepuberall3' castrated mouse and it is swept away 
by testosterone injections. The action of the testosterone on the X 
zone of the normal adrenal seems, therefore, to be a direct one. 

The X zone of the adrenal is negative to those histochemical tests 
for which the permanent adrenal cortex and other steroid-producing 
organs are characteristicall3'’ positive. This is in agreement with the 
view that a steroid-t3"pe hormone is not secreted b3’- the X zone. 

Injections of testosterone into h3q)oph3’'sect omized animal hastens 
the changes, as judged histochemicall3'', in the zona glomerulosa and 
zona fasciculata of tlie adrenal consequent upon the operation. 

REFERENCES 

.\lbert, S., and C. P. Lebi.oxd: Enilocrinologij 39: 386. 1940. 

CuTUi.Y, E., E. C. CuTri.v and D. R. iMcMrLi.AGH: Proc. Sor. Expcr. Biol, tt Med. 

38: 818. 19.38. 

Deane, II. W., .vnd R. O. Creep: .4in. ,T. A/inf. 79: 117. 1946. 

Deane, II. W., J. H. Shaw .and R. O. Creep: Endocrinology 43: 113. 1948. 

Deanesey, R.:Prof. Roy. Soc.^ London, s. B. 103: 523. 1928. 

De.a.vesey, R., and a. S. P.arke.s: Quart. J. Expcr. Physiol. 26: 393. 1937. 

Dempsea’, E. W., .and G. B. Wislocki: Physiol. Rev. 20: 1. 1940. 

Dempsey, E. W., H. Bunting and G. B. WTslocki: .4 hi. J. .Inal. 81: 309. 1947. 



438 


JONES 


Volume 44 


Gehsh, I., AND A. Grollman: Anal. Rcc. 75; 131. 1939a. 

Gersh, I., AND A. Grollman; A?n. J. Physiol. 126; 368. 1939b. , 

Greep, R. 0., AND H. W. Deane: Endocrinology 40: 417. 1947. 

Greep, R. 0., H. B. Van Dyke and B. F. Chow: Endocrinology 30; 635. 1942. 
Hall, K., and V. Korenchevsky; J . Physiol. 91: 365. 1938. 

Howard, E.; Am. .T. Anal. 40: 251. 1927. 

HpwARD, E.; Anal. Rec. 77: 181. 1940. 

Howard, E.: Endocrinology 38: 156. 1946. 

Jones, I. Chester: Quart. J. Micr. Sci. 89: 53. 1948a. 

Jones, I. Chester: Anal. Rcc. 100(4) Sup., 49. 1948b. 

Jones, I. Chester: Proc. Soc. Exper. Biol. & Med. 69; 120. 1948(;. 

Leonard, S. L. : Endocrinology 35: 83. 1944. 

McPhail, M. K., and H. C. Read: Anal. Rec. 84: 75. 1942. 

Newton, W. H., and R. C. Richardson: J. Endocrinol. 2: 322. 1940. 

Parkes, a. S.: Physiol. Rev. 25; 203. 1945. 

Selye, H.: j. Endocrinology 1: 208. 1939. 

Thannhauser, S. j., and G. Schmidt: Physiol. Rev. 26; 275.' 1946. 

Shaw, J. H. : J. Deni. Research 21: 47. 1947. 

Waring, H.: Quart. J. Micr. Sci. 78: 330. 1935. 

Weaver, H. M., and W. 0. Nelson: Anat. Rec. 85; 51. 1943. 

Whitehead, R. : J. Anat. 67: 387. 1933. 

Yoffey, J. M., and J. S. Baxter: J. Anal. 81: 335. 1947. 

Zalesky, M., L. j. Wells, -M. D. Overholser and T. Gomez: Endocrinologg 28: 521. 
J941. 



CONCENTRATION OF ADRENOCORTICOTROPHIC 
HORMONE IN RAT, 'PORCINE AND HUMAN 
PITUITARY TISSUE' 

THOMAS W. BURNS, MARSHAL MERKIN, MARION A. SAYERS 

AND GEORGE SAYERS . - 

From Ihc Deparlvient of Pharmacology, University of Utah 
College of Medicine, Salt Lake City 

The development of an accurate and sensitive method for the 
assay of adrenocorticotrophic liormone (ACTH), namely, the adrenal 
ascorbic acid-depletion method of Sayers, Sayers and Woodbury 
(1948), has made possible the quantitative determintaion of the con- 
centration of this trophin in pituitary tissue. The adenohypophyses 
of three species — rat, hog and human — have been analyzed in this 
regard. 

METHODS AND MATERIALS 

Technic for Quantitative Extraction of ACTH from Pituitary Tissue. Dur- 
ing the initial phases of this study, extracts of anterior pituitary were pre- 
pared by grinding or homogenizing the fresh tissue in cold 0.9 per cent NaCl 
solution made alkaline to 0.01 N with NaOH. The technic is similar to those 
described in the literature for the measurement of pituitary gonadotrophic 
hoimone potency. When pituitaries from a large number of control groups of 
rats were extracted by this method and found to vary widely in ACTH con- 
tent, the technic of grinding or homogenizing fresh tissue was abandoned as 
unsatisfactory, A simple method was subsequently devised for the quantita- 
tive extraction of ACTH from pituitaries. The glands were first frozen, then 
lyopbilized, and the dry tissue ground to a homogeneous powder. Extracts 
of this material Avere very potent and uniform in ACTH activity. Examina- 
tion of Table 2 shoivs that extracts prepared from tissue Avhich was first 
homogenized and then lyopbilized were at best only one-fifth as potent (an- 
tilog of M equal to 0.19) as extracts from pituitaries lyopbilized before being 
ground (Table 2). 

The routine procedure now employed in this laboratory for extracting 
ACTH from pituitaries is as follows: Approximately three-quarters of a milli- 
gram of dry, lyopbilized pituitary are Aveighed on a micro-analytical balance 
to the. nearest 0.005 mg. Larger samples may be emploj’'ed according to the 
total AA'eight of tissue aA^ailable. The tissue is extracted at room temperature 
successive^ AAuth three approximately equal portions of 0.9 per cent NACl 
solution made alkaline to 0.01 N with NaOH. The residue is centrifuged 
doAA'n after each extraction and the supernatant portions are combined. An 
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example of a typical extraction follows: the weight of dry, donor pituitary 
tissue was 0.725 mg.; the total volume of extraction fluid was 0.5 ml. per 
0.04 mg. of tissue (the largest dose employed per 100 gm. of recipient rat), 
and was equal in this instance to 9. 1 ml. ; the tissue was extracted successively 
with 3.1, 3.0 and 3.0 ml. portions of the extraction fluid; two dilutions were 
prepared from the combined extracts by the addition of 0.9 per cent NaCl 
solution so that the concentration of tissue per 0.5 ml. was 0.02 mg. and 
0.01 mg. respectively. The recipient rats were injected with either 0.5 ml. 
of the original extract or 0.5 ml. of one of the dilutions thereof, per 100 gm. 
of body weight. 

Extraction of ACTH from the pituitary appears to be complete. Whereas 
the thrice-extracted material prepared as above gave an appreciable adrenal 
cortical response in recipient rats at a dose level equivalent to 0.005 mg. per 
100 gm., a fourth extraction of the residue failed to elicit a response at a dose 
level equivalent to 1.0 mg. per 100 gm. 

Source of Pituitaries. Rat pituitaries Avere obtained as folloAvs: Male 
Sprague-DaAA'ley rats Aveighing 250 to 350 gm. were fasted 24 hours, anes- 
thetized Avith sodium pentobarbital and exsanguinated by cutting the ab- 
dominal aorta; the pituitaries Avere removed AAuthin a minute after death. 
The anterior lobes, freed from posterior tissue, AA’^ere frozen and lyophilized. 
The assays Avere conducted on pools of rat pituitaries. 

Pituitaries Avere removed from the hogs not later than 10 minutes after 
death. Six porcine anterior lobes AA^ere pooled, frozen, lyophilized and ground 
to a homogeneous poAvder. 

Anterior lobes of three human pituitaries Avere obtained through the 
courtesy of Dr. C. McNeil, Holy Cross Hospital, Salt Lake City. They Avere 
frozen AAuthin tAAm hours after removal and Ijmphilization AA^as started im- 
mediately after freezing. Human pituitary #1 Avas from a 76-year old male 
Avho died approximately 24 hours after a myocardial infarction. The pituitary 
Avas removed five hours after death. Human pituitary #2 Avas from a 58-year 
old male AAuth a bronchogenic carcinoma; death was due to peritonitis from 
a perforated peptic ulcer. The pituitary Avas removed eight hours after death. 
A cyst of the pituitary Avas not included in the anterior lobe tissue taken for 
ACTH analysis. Human pituitary #3 Avas from a full-tenn, stillborn infant 
Avith erythroblastosis fetalis. The pituitary Avas removed approximately five 
hours after death. 

Reference Standards. Tavo reference standards of ACTH activity AA^ere 
enijjloyed. Preparation 62AA was prepared from porcine pituitaiy tissue 
according to the method of Sayers, White and 'Long (1943). This protein 
behaved as a single component in the Tiselius apparatus and in the ultra- 
centrifuge; it Avasfree of lactogenic, groAvth, gonadotrophic and thyrotrophic 
activities. Preparation La-l-A, isolated from porcine glands, Avas supplied 
by Dr. John Mote of the Armour Laboratories. The data in Table 2 indicate 
that La-l-A is slightly more potent than 62AA. The slopes of the log dose- 
response curves of these tAvo preparations are not significantly different. 

Assay Procedure. TAventy-four hours after hypophj’^sectomy the recipient 
assay rat was anesthetized Avith sodium pentobarbital and the left' adrenal 
removed and prepared for the analysis of ascorbic acid. The extract to be 
assaj’-ed was injected via the tail vein, 0.5 ml. per 100 gm. body Aveight, and 
one hour later the right adrenal was removed and prepared for ascorlnc acid 
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Table 1. Assat of human pituitary fl against La-1-A by the difference method 


Dose (micrograms 
per 100 -gm. body 
weight) 


Concentration of adrenal ascorbic acid 
(mg. per 100 gm. of tissue) 


Human 

Pituitary 

#1 

La-l-A 

i Human Pituitary #1 j 

La-l-A 

Left 

Adrenal 

Right 

Adrenal 

Differ- 

ence 

Left 

Adrenal 

Right 

Adrenal 

Differ- 

ence 

8 

2 

390 

229 

161 

350 

218 

132 

8 

2 

425 

240 

185 

355 

214 

141 


2 

— 

— 

— 

463 i 

1 

264 

199 

4 

mm 

359 

236 

123 

412 

272 

140 

4 


415 

315 

100 

427 

300 

127 

4 


439 

383 

56 

350 

236 

114 

4 

umBU 

307 

237 

70 

1 


— 

2 

0.5 ! 

337 

280 

67 

416 

367 

49 

2 

0.6 

397 

365 

32 

481 

392 

89 

2 

0.5 

457 

405 

52 

384 

306 

78 


Human Pituitary #1 La-l-A 
6= 185.6 141. S 

25.66 24.32 

X=s/b= ■ 0.138 0.172 

il/ =1.2719; ratio of potencies Human pituitary #1 /La-l-A =0,187 
Sm = ±0.0242; limits of error at p =0.67 are 95% to 106% 

Range of potencies Human pituitary §1 /La-l-A in 67 cases out of 
100=0.177-0.198 


analysis. Tlie ACTH potency of the extract is proportional to the decrease 
in adrenal ascorbic acid as measured by the difference between the concentra- 
tion of ascorbic acid in the left (control) and right adrenal. The details of 
,the method have been presented elsewhere (Sayers, Sayers and Woodbury, 
1948). 

The tissue ivas extracted on the morning of the assay and the extracts and 
dilutions thereof were kept at 0°C until assaj’^ed. Unknown and standai-d 
preparations were compared on the same day except in the cases of Tuiman 
pituitaries #2 and #3. Doses of unknoivas were selected so that the responses 
obtained closely approximated those of the standard. It ivas therefore neces- 
sary to establish the approximate potency of the unknown extracts by pre- 
liminary assays before proceeding to the final quantitative analyses. A sample 
protocol of such a final assay, presented in Table 1, represents the assay of 
human pituitary #1 against a purified preparation of ACTH (La-l-A, 
Armour) used as a standard. 


RESULTS 

In Table 2 are presented in condensed form the data from all 
final assa 3 ’'s performed in this experiment; they were compiled in a 
manner similar to that for the data of Table 1. In no instance was 
there a significant differeiice between the slopes (b values) of the log 
dose-response curves of the substances compared. The proloability, P, 
corresponding to Fisher’s t, is either 0.2 or greater for each difference 
in the slopes. 
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The antilog of M in Table 2 gives the ratio of the potencies of 
unknown to standard. Of the three species examined, rat pituitary 
tissue (in terms of dry weight) has the lowest order of adrenocorti- 
cotrophic hormone potency; it is only 0.08 as potent as La-l-A. The 
hog and human pituitaries analyzed in this study are very potent; in 
terms of dry weight, they are one-fifth as potent as the purified 
standards. 

Two pools of rat anterior lobes collected on different dates had the 
same potency of adrenocorticotrophic activity; The three human 
pituitaries, despite the marked differences in age and causes of death 
of the donors, were quite uniform in their content of ACTH. 

niscussiON 

The Lyophilization technic reported here permits a quantitative 
extraction of ACTH from pituitary tissue. This, fact together with 
the fact that the assay method is highly specific; (Sayers, Sayers and 
Woodbury, 1948) suggests that the values presented above for ACTH 
concentration in pituitary tissue are very close to the true values. 

The grinding or homogenizing of fresh tissue, a procedure rou- 
tinely employed in the preparation of extracts of pituitary for the 
assay of gonadotrophins, yields extracts which are at best onl}'' one- 


Table 2. Concentration of ACTH in pituitary tissue 


Pituitaries compared 

9 

1 

P 

8 

1 

X 

i 

j M 

1 

Anti- 
log of 
M 

Sm 

Antilog (M-Sm)- 
Antilog (M +Sm) 

Rat' (horaogenijed) (16)' 

24 

80 



0.255 

T.289 

0.19 

1 ±0.113 

1 

0.15-0.25 

Rat' (lyophilized) (10) 

24 

113 

25.4 

0.224 

62AA''’ 

12 

169 

0.3 

20.0 

0.119 

1.926 

1 

0.84. 

±0.033 

0.78-0.91 

La-l-A*’* 

14 

196 

30.3 

0.155 

Rat' (13) 

19 

152 

0.8 

21.9 

0.145 

2.911 

0.08 

±0.043 

0.07-0.09 

La-l-A' 

19 1 

158 

17.8 


Rat' (19) 

12 

149 

0.3 

26.3 


1.995 

0.99 

±0.072 

0.84-1.17 

Rat' (10) 

24 

113 

25.4 


Porcine (6) 

10 



11.4 

0.102 

1.299 

j 

0.20 ' 

±0.084 

' 0.16-0.24 

La-l-A 

10 


22.3 

0.282 

Human #1 

9 

186 


25.7 

0.138 

1.272 

0.19 

±0.024 

0.18-0.20 

La-l-A 

9 

142 

24.3 

0.172 

Human #2 

10 

124 

0.7 

29.0 

0.234 1 

1.309 

0.20 

±0.093 

0.16-0.25 

La-l-A 

9 

142 

24.3 

0.172 

Human f3 

6 

156 

0.7 

19.5 

0.125 

1.381 




La-l-A 

9 

142 

24.3 

0.172 


b =6lope of the log dose-response curve; P ^probability factor measuring the significance of the diflcrcnc 
between the slopes; s^standard deviation of all of the individual responses about this curve 
fitted by the method of least squares); X=s/b and is a measure of the accuracy of the assay methoa; 
arithm of the ratio of the potencies; Sm — standard error of M; antilog (M— (al+bM) *s ^ 
range of estimate for one etd. error. 

* Several assays combined for statistical analysis. 

* No. animals in donor groups in parentheses. ^ .... 

* La-l-A and 62AA are purified preparations of ACTH isolated from porcine pituitaries. 
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fifth as potent in adrenocorticotrophic activity as those obtained by 
the lyophihzation technic. It would be of interest to compare the 
gonadotrophic potency of extracts of pituitary tissue prepared by 
“standard” methods with that of extracts prepared by the technic 
developed in this study. 

Lyophilized pituitaries may be stored in a desiccator until such 
time as it is convenient to assay the ACTH activity. There has been 
no indication that a decrease in potency takes place over a period of 
at least one year when the tissue is stored in this manner. 

The fact that there is no significant difference between the slopes 
of the log dose-response curves of purified porcine ACTH standards 
and of crude extracts of rat, porcine and human pituitaries suggests 
that the biological characteristics of adrenoeorticotrophin in the 
several species and in crude and purified preparations are similar. Li 
ei al. (1943) and Sayers et al. (1943) isolated from sheep and hog 
pituitaries, respectively, biologically pure and chemically homogene- 
ous proteins having high adrenocorticotrophic activity. Both of 
these proteins had molecular weights of 20,000. However, reports 
have appeared in the literature to the effect that the hormone activity 
is dialyzable and uLtrafiltrable (Tyslowitz, 1943; Crooke et al., 1947). 
Li (1947), in a note lacking experimental details, claims that hydrol- 
ysis of ACTH yields active polypeptides with an average amino 
acid chain-length of seven. In this laboratory^ it has been found that 
the adrenocorticotrophic activity of extracts of lyophilized pituitary 
tissue will not pass an ultrafiltration membrane whose pores are large 
enough to allow protamine to pass freely. Although it is fairly certain 
that the biological properties of isolated preparations of ACTH and 
of the hormone as it exists in pituitary tissue are identical, there is 
little certainty concerning the size of the protein (or of the moiety of 
protein) which carries the biological activity. 

If it is assumed that the molecular weight of the hormone as it 
exists in the pituitary is 20,000, i.e., the same as that of the standard 
62AA, then one-fifth of the dry weight of porcine and human adeno- 
hypophyseal tissue consists of ACTH. The average dry weight of the 
anterior lobe of the adult hog is about 60 mg. ; therefore this animal 
has a store of about 12 rag. of ACTH. The average dry weight of the 
anterior lobe of the adult human is about 100 mg.; therefore this 
species has a store of about 20 mg. of ACTH. Such large stores ensure 
a ready supply of adrenoeorticotrophin in times of emergency. This 
is clearly illustrated bj" experimental data on the rate of discharge of 
ACTH from the pituitary during stress. Employing the adrenal 
ascorbic acid-depletion method for measuring rate of discharge of 
ACTH, Sayers and Sayers (1947) found that application of mild, 
short-acting forms of stress in rats resulted in a rate of discharge of 

* Unpublished observations of John B. Richards, Tliomas W. Burns and George 
Sayers. 
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ACTH equivalent to approximately one microgram of standard per 
hour. From the information in Table 2, the total ACTH in the pitu- 
itary gland of the rat can be calculated to be about 100 micrograms, 
a quantity far in excess of immediate heeds of the animal when ex- 
posed to mild stress. However, following the application of severe 
stress, the content of ACTH in the rat pituitary may be reduced by 
one-half within a period of one hour (Sayers and Cheng, 1949). If 
this information is applicable to man, then a quantity of ACTH of 
the order of 10 mg. may be discharged from the adenohypophysis of 
the adult witliin a period of a few hours following a severe injury or 
acute metabolic disturbance. 


SUMMARY ^ 

A method has been devised for the quantitative extraction of 
adrenocorticotropMc hormone from pituitary tissue. The fresh tissue 
is frozen, lyophilized and ground to .a homogeneous powder. The 
powder is extracted with 0.9 per cent'NaCl solution made alkaline to 
0.01 N with NaOH. 

The concentration of ACTH in pituitary tissue has been expressed 
in terms of a purified standard isolated from hog pituitaries. Rat, 
porcine and human adenohypophyseal tissues, in the form of dry 
powders, are eight, 20, and 21 per cent as potent as the standard, 
respectively. The biological characteristics of the hormone, as it 
exists in the purified standard and in the glands of the three species 
examined, are similar. 
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THE PHYSIOLOGICAL ACTIVITIES OF THE 
STEREOISOMERS OF THYROXINE 

W. E. GRIESBACH, T. H. KENNEDY and H. D. PURVES ' 

From the Thyroid Research Department of the New Zealand Medical 
ResearcluGonncil, Medical School, University of Otago 
DUNEDIN N. Z. 

I\'IosT workers have assumed that D-thyroxine will have a lesser 
physiological activitj'^ than the naturally occuring L isomer, although 
there is as yet no quantitative agreement on their relative activities. 
In 1928 Harington prepared the D & L isomers and their activities 
were measured bj'- Gaddum (1929-30) and Salter, Lerman and Means 
(1935). Gaddum measured the oxygen consumption of rats and found 
the L isomer to be more effective than the D isomer which had one 
third to two thirds the activity, depending on the dose given. Using 
metamorphosis of the tadpole as the criterion of activity, essentially 
the same results were obtained. Salter, Lerman and Means (1935) 
assa 3 ’'ed the same materials in human myxoedema patients and found 
them to be equally active. Foster, Palmer and Leland (1936), measur- 
ing the carbon dioxide production in guinea pigs, found the DL form 
to be onlj"- one half as active as the L form, whence they inferred 
D-thjwoxine to be inactive. Reineke and Turner (1943) and Reineke, 
Turner, Kohler, Hoover and Beezley (1945) made similar measure- 
ments. Reineke and Turner (1945) determined the relative activities 
of L- & DL-thjuoxine in inhibiting the increase in thjuoid weight of 
rats and chicks recehdng thiouracil, and in accelerating metamorpho- 
sis of tadpoles. In all these comparisons the DL form was found to be 
half as active as the L form, supporting the view that the D isomer 
was inactive. Griesbach and Purves (1945) showed that the smallest 
amount of thyroxine necessarj'^ to prevent thjuoxine deficiency 
changes in the pituitary was sharplj’’ defined and could be used as a 
measure of thyroxine requirement. Using this method, Griesbach, 
Kennedj’^ and Purves (1947) compared three different samples of L- 
thjwoxine with DL-thj'-roxine. All three samples of L-thyroxine 
showed equal activitj’' corresponding to about 1.5 times that of DL- 
thju-oxine. This would make D-thjwoxine about one third as active as 
L-thju'oxine. Pitt Rivers and Lerman (1947) prepared D-thyroxine 
and compared this material with the L isomer in human mjocoedema 
patients, finding it to have between one eighth and one tenth the ac- 
tivity of L thjuoxine. 

These results are summarized in Table 1. 

Received for publication December 23, 1948. 
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Table 1, Activities of D & L thyroxine as reported 

BY_ DIFFERENT WORKERS 


Observer 

1 

Method 

1 

Forms 

compared 

D :L Ratio 
found or 
calculated 

Gaddum 1929/30 

0; consumption of rat 
Metamorphosis of tadpole 

D & L 

D & L 

0.66-0.33:1 

0.8 -0.5 :1 

Salter et al. 1935 

Human myxoedema 

D & L 

1:1 

Foster et al. 1936 

O 2 consumption of guinea pig 

DL & L 

» 

i 

1 0:1 calc. 

Reineke et al. 1943. 

CO 2 production in guinea pig 

DL &L 

1 

0:1 calc. 

Reineke et al. 1945 

CO 2 production in guinea pig 

DL & L 

0:1 calc. 

Reineke et al. 1945 

Thyroid wt. of rat receiving 
thiouracil 

DL & L 

0:1 calc. 


Thyroid wt. of chick receiv- 
ing thiouracil 

DL & L 

0:1 calc. 

1 

Metamorphosis of tadpole 

DL & L 

0:1 calc. 

Griesbach et al. 1947 

Inhibition of jiit. change in 
methylthiouracil rat 

DL & L 

0.3 :1 calc. 

Pitt Rivers et al. 

Human myxoedema 

D & L 

0.125-0.1 :l 


We have now been able to make a direct comparison of D- & L- 
thyroxine, results of which are reported in this paper. 


MATERIAL AND METHODS 

The thyroxine samples used were; L-thyroxine prepared by oxidation of 
L-diiodo-tyrosine according to the method of Harington and Pitt Rivers 
(1945), being part of the material used in a previous experiment (Griesbach, 
Kennedy and Purves 1947) : DL-thyroxine prepared by alkaline hydrolysis 
of thyroid; D-thyroxine prepared by oxidation of D-diiodo-tyrosine. This 
material was part of that prepared by Pitt-Rivers and Lerman. Sufficient 
material for testing in three rats only was available. The L & DL samples 
were twice recrystallized as the mono-sodium salt. Solutions were prepared 
by dissolving the weighed material in an excess of 0.1 N sodium carbonate 
and diluting with normal saline so that the final solutions contained 7.5 ng. 
DL-, 5 ng. L-and 10 D-thyroxine respectively per millilitre. The strength 
of the solutions was confirmed by iodine analysis. 

Young male albino rats of 50-70 gms. weight were used. They were 
placed on a strict vegetarian diet and methylthiouracil was given as an 
0.025% solution in the drinking water. They were weighed twice weekly and 
the thyroxine dosage was adjusted to the body weight. The thyroxine was 
given subcutaneously once daily for seventeen to twenty days. The pitui- 
taries were then examined as described by Griesbach and Purves (1943). 

RESULTS 

The smallest dose of DL-thyroxine which prevented the develop- 
ment of a pituitary basophilia was 2.3 jag. per 100 gms. per day. The 
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equivalent value of L-thyroxine was 1.5 ng. per 100 gms. per day. In 
the case of D-thj'-roxine 5 /xg. per 100 gms. per dai*- gave a pituitary 
basophil count of 9.6% and 4 ng. a count of 28.5%. The animal re- 
ceiving 10 jug. per 100 gms. per day had a count of 4.1%. These pi- 
tuitary basophils were small, filled with well stained granules, and 
there was a complete absence of activated basophils, a certain pro- 
portion of which is fbund in our control animals. The thyroid showed 
subnormal activity with flattened epithelium and dense colloid. 
These results are summarized in Table 2. 

, Table 2. The effect of graded doses of thyroxine stereoisomers on the 

PITUITARY BASOPHIL PERCENTAGE OF METHYLTHIOURACIL TREATED RATS 


Form 

given 


Dose 

Mg/lOOgm/day 

Mean pituitary 
basophil % 

+ S.E.M. 

— 

20 

— 

30 


10 

2.2 

14.2+0.75 

DL 

10 

2,3 

8.4+0.92 


10 

2.4 

6.5+0.73 


10 

1.4 

14.9 + 1.40 

L 

10 

i 1.5 

6.8±0.98 


10 

1 1.6 

6.5+0.74 


1 

4.0 

28.5 

D 

1 

5.0 

9.6 


1 

10.0 

4.1 

Animals without thyroxine and methylthiouracil 

7-10 


The ratio of activities D:L found by direct comparison is 0.30:1 
and is also 0.30:1 as calculated from the L:DL ratio 2.3: 1.5. 


DISCUSSION 

In attempting to evaluate the different results obtained for the 
activities of thyroxine stereoisomers, it should be remembered that in 
most cases different methods, species and materials have been used. 
In one case, however, the same materials have been compared in the 
same species: Reineke and Turner’s L-thyroxine in the rat (Reineke 
and Turner, 1943 and Griesbach, Kennedy and Purves, 1947). The 
conflicting results obtained here must be attributed to the use of dif- 
ferent methods. The thjToid weight method seems to be much less 
sensitive than the pituitar 3 ’- response, for the basophils show con- 
siderable change when the thjTOxine supplied is varied bj’- 0.1 jug. in the 
vicinity of the end point. This should be contrasted with the dose 
interval of 0.5 jug. used bj’^ Reineke and Turner (1945). In the guinea 
pig, the apparent inactivity of the D isomer is based on observations 
that approximatelj’^ the same increase in metabolism was produced bj- 
doses of DL-thju'oxine twice those of the L isomer. The errors in- 
herent in the use of this relativelj’’ insensitive method are such that a 
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small activity for the D isomer could not be detected with certainty. 
The results of Salter, Lerman and Means (1935) and Pitt Rivers and 
Lerman (1947) obtained in human myxoedema patients, while lacking 
in quantitative agreement, definitely establish the fact that D-thy- 
roxine is physiologically active in man. Our work has shown that the 
same holds true in the rat. 


SUMMARY 

The thyroxine requirement of the rat was found to be 2.3 /xg. of 
DL-thyroxine per 100 gms. per day, 1.5 jug- of L-thyroxine and 5 /xg- 
of D-thyroxine. 

D-thyroxine has been shown to have biological activity in the rat 
equal to 0.3 times that of L-thyroxine. 

This result has been obtained by direct comparison of the D & L 
isomers and also by calculation from the L:DL ratio'. 

ACKNOWLEDGMENTS 

We are indebted to Dr. E. P. Reineke for a gift of his L-thyroxine, 
to Dr. D. A. McGinty for a gift of D-thyroxine and to Burroughs, 
Wellcome & Co. for DL-thyroxine. 

REFERENCES 

Foster, G. L., W. W. Palmer and J. P. Leland; J. Biol. Chem. 115; 467. 1936. 
Gaddum, j. H.: j. Physiol. 68; 383. 1929-30. 

Griesbach, W. E., and H. D. Purves; Brit. J. Exper. Path. 26; 13. 1945. ' 
Griesbach, W. E., T. H. Kennedy and H. D. Purves; Nature, London, 1947. 
Griesbach, W. E., and H. D. Purves; Brit. J. Exper. Path. 24: 174. .1943. 
Harington, C. R.: Biochem. J. 22: 1429. 1928. 

Harington, C. R., and R. Pitt Rivers: Biochem. J. 39: 157. 1945. 

Pitt Rivers, R., and J. Lehman: J. Endocrinol. 5: 223. 1947. 

Reineke, E. P., and C. W. Turner: J. Biol. Chem. 149: 563. 1943. 

Reineke, E. P., C. W. Turner, G. O. Kohler, R. D. Hoover and M. B. Beezley: 
J. Biol. Chem. 161: 599. 1945. 

Reineke, E. P., and C. W. Turner: Endocrinology 36: 200. 1945. 

Salter, W. T., J. Lerman and J. H. Means: J. Clin. Investigation 14: 37. 1935. 


\ 



INFLUENCE OF THYROXINE ON PROTEIN 
IMETABOLISM 


J. RUPP, K. E. PASCHKIS and A. CANTAROW 
From the Jefferson Medical College, Philadelphia, Pa. 

It is customary to regard the thyroid hormone as a stimulator 
of catabolism, in particular of protein catabolism. However, the im- 
paired growth of human cretins, of thjToidectomized rats (Evans, 
Simpson, and Pencharz 1939) and goats (Reineke, and Turner 1941) 
as well as the resumption of growth resulting from thyroid medica- 
tion indicate that the influence of thyroid hormone on metabolic proc- 
esses is more complex. Growth is, of necessity, associated vnth a 
prevalence of anabolic processes, especially of proteins. The experi- 
ments reported in this paper were undertaken in order to determine, 
(a) whether thyroxine induces nitrogen retention (protein anabolism), 
and (b) if so, under what conditions anabolic or catabolic effects 
would predominate. 


MATERIAL AND METHODS 

The rats used in most of the experiments were descendants of the Wistar 
Strain, bred by a local dealer; rats of the Sprague-Dawley strain were em- 
ployed in some instances. Their weights varied between 200 and 250 grams. 
Thyroidectomy was performed by the usual anterior approach, and hypophj^- 
sectomy bj>' the parapharyngeal route. Experiments on operated animals were 
started three weeks following operation. However, in one experiment the 
animals were tube-fed constant amounts of diet prior to operation, on the 
day of operation, and in the post-operative period. In this experiment (Table 
2) the post-operative period refers to days 14-21 following thyroidectomy. 

All animals were tube-fed, using a number 10 french catheter. The 
“Mixed diet” described by Ingle el al. (Ingle, Ginther, and Nezamis 1943) 
was emploj'^ed. Samples of the diet were frequently ashed and the N-content, 
determined by the Kjeldahl method, was found to be 16 mg. per ml. Each 
animal was graduallj’’ adapted to tube feeding, and the amount was fed 
which maintained weight during the control period. Thus the intake varied 
from one animal to another, but was kept rigidly constant for each rat dur- 
ing the control and experimental periods. Feedings were at 7 : 30 a.m. and 5 
P.M., except for the hypophysectomized animals which were fed at 7 a.m., 
3 p.At. and 10 p.m. All animals had free access to water. 

Rats were kept in individual vdre screen metabolism cages. Urine speci- 
mens were collected at 24 hour intervals and analyzed dailj'. Each collecting 
flask contained 1 gm. of citric acid. Feces Avere analyzed in some experiments; 
they were collected daily, kept in 30% sulfuric acid, and the N-content was 
determined on the pooled specimens of each control and experimental period. 

Received for publication January 11, 19-19. 


449 



450 


RUPP, PASCHKIS AND CANTAROW Volume 44 


Nitrogen was determined in urine, feces, and diet by a micro-Kjeldabl proce- 
dure. 

Rats were kept in a constant temperature room (approximately 72°F), 
and each Avas studied for a control period of 7 days, folloAved by an experi- 
mental period of equal length. All manipulations (Aveighing, injections) AA'ere 
performed daily at the same time.. 

Upon completion of the experiment all animals AA^ere killed and a complete 
autopsy performed. In the case of the thyroidectomized rats a careful search 
AA'as made for thyroid remnants. The completeness of hypophysectomy Avas 
judged by inspection of the fossa and by gross and microscopic study of 
thyroids, testes, and adrenals. Any tissue suspect of being a thyroid or_pitui- 
tarj’’ remnant AA^as sectioned and examined microscopically. Experiments on 
animals incompletely thyroidectomized or hypophysectomized AA'ere dis- 
carded. 

Table 1. Effect of thyroxine on nitrogen excretion of thyroidectomized rats 


Exp. No. 

Daily 
dose of. 
thyroxine 
Mg. 

Sex 

Mean urinary N excre- 
tion mg. per 24 hrs.* 

Diff. mg. 

“P” of 
Diff. 

Control 

period 

Treatment 

period 

1 

10 

M 

223 

188 

-35 

0.01 

2 

5 

M 

224 


-44 

0.01 , 

3 

5 

M 

256 

199 

-57 

0.01 

4 

5 

M 

214 


-52 

0.01 

5 

5 

M 

202 

169 

-33 

0.01 

6 

5 

M 

256 


-54 

0.01 

7 

5 

M 

176 

131 

-45 

0.01 

8 

5 

M 

183 

155 

-28 

. 0.01 

9 

5 

M 

173 


-43 

0.01 

10 

5 

M 

168 

148 

-20 

0.02 

11 

5 

M 

209 


-48 

0.01 

12 

5 

M 

168 

156 

-12 

0.4 

13 

5 

F 

158 

137 

-21 

0.01 

14 

5 

F 

151 

129 

-22 

0.01 

15 

5 

F 

167 

143 

-24 

0.01 

16 

50 

M 

232 

252 

4-20 

0.01 

17 

50 

M 

153 

179 

4-26 

0.01 

18 

50 

M 

155 

179 

4-24 . 

0.01 


* Includes the first 24 hrs. of the latent period. 


RESULTS 

In 14 of 15 thyroidectomized rats injected daily for 7 days with 
either 5 or 10 micrograms of thyroxine the urinary output of N de- 
creased significantly. There was no significant change in weight during 
this period. When 50 or 100 micrograms of thyroxine were injected 
daily, N-excretion increased. Both the anabolic effect of the small 
doses and the catabolic effect of the larger doses became evident on 
the third day of treatment (Table 1). 

When rats AA^ere fed a constant intake prior to and immediately 
following thyroidectomy, the “protein catabolic” effect of thyroidec- 
tomy became evident. The N-excretion, which was'78% of the N in- 
take prior to operation rose to 88% after thyroidectomy and fell to 
62% folloAAung replacement therapy AAUth 5 micrograms of thyroxine 
(Table 2). 












May, 1949 


THYROXINE AND PROTEIN METABOLISM 


451 


Table 2. Influence of thyroidectomy and of subsequent thyroxine 
treatment on N balance 


Pat 

No. 

N-intake 
mg. per 
24 hrs. 

Control period j 

I Post-operative period^ 

j Treated* 

Urinary N 
excretion 
mg. per 

24 hrs. 

- 

intake 

ex- 

creted 

Weight 

change 

gm. 

Urinary N 
excretion 
mg. per 

24 hrs. 

■ \ 
intake 

ex- 

creted 

Weight 

change 

gm. 

Urinary N 
excretion 
mg. per 

24 hrs. 

intake 

ex- 

creted 

Weight 
change 
gm, ‘ 

11 

2S0 

216 ± 8.7< 

77 

+10 

215±53 

77 

+6 

205 ± 7 

74 

+10 

21 

280 

237 ± 20 

84 

+ 2 

239 ±10 

85 

+1 

232 ± 11 

83 

+ 3 

3» 

280 

235 ± 10.9 

84 

+ 5 

262 ± 9.6 

94 

-5 

181 ±10.3 

65 

+16* 

4= 

280 

209 ± 16.3 

75 

+ 7 

228 ±26 

80 

+1 

172 ±10.6 

61 

+10 


280 

213 ± 19 

mum 

+ 5 

254 ±15 

00 

-5 

172 ± 6.S 

61 

+10 

6» 

280 

213± 19 


+ 5 







7» 

280 

214 ± 6.2 


+ 6 







8' 

280 

209± 15.3 


+ 8 







M 



78 



88' 






* Sham operated. < Standard deviation. * Thyroxine (5 pg.) daily. 

5 Thyroidectorniicd. ‘ 14th-21.st day post-operation. ’ (P of difference less than 0.02.) 

* Died at operation. 

In contradistinction to the protein anabolic (N sparing) effect of 
small doses of thyroxine in the thyroidectomized animal, thyroxine 
in amounts of 5-10 ihicrograms had no influence upon N-balance in 
the intact rat. 50 or 100 micrograms of thyroxine, however, caused 
an increased output of urinarj^ nitrogen, and weight loss. 

Hypophysectomized rats injected with 5 micrograms of thyroxine 
for 7 days showed no change in N-excretion or weight. 100 micro- 
grams of thyroxine injected daily for 7 days failed to induce an in- 
crease of N- excretion. In three of the nine rats injection of the large 
dose of thyroxine was followed by a slight decrease in N excretion 
(Table 3). 

Fecal rdtrogen and fluid intake and output were not changed by 
any of the experimental procedures used. 

Table 3. Effect of thyroxine in hypophysectomized rats 


Exp. No. 

Daily dose 
of thyroxine 

T 

Mean urinary N excretion 
mg. per 24 hrs.* 

Diff. mg. 

“P'* of Diff. 

Control 

period 

Treatment 

period 

1 

None 

198 

193 

- 5 

0.6 

2 

None 

199 

203 

+ 4 

0.7 

3 

None 

205 

206 

+ 1 

0.9 

4 

None 

216 

208 

- 8 

0.3 

5 

None 

192 

194 

A 2 

O.S 

6 

5 

197 

204 

+ 7 

0.4 

7 

5 

192 

199 

-)r 7 

0.3 

S 

5 

185 

197 

+ 12 

0.1 

9 

5 

230 

220 

-10 

0.3 

10 

5 

207 

216 

+ 9 

0.2 

11 

5 

195 

192 

- 3 

0.7 

12 

100 

175 

181 

+ 6 

0.3 

13 

100 

197 

181 

-16 

0.02 

14 

100 

193 

180 

-13 

0.02 

15 

100 

190 

179 

-11 

0.02 

IG 

100 

186 

179 

— 7 

0.2 

17 

100 

192 

186 

- 6 

0.3 

IS 

100 

191 

189 

- 2 

0.7 

19 

100 

186 

186 

0 

1 

20 

100 

184 

190 

+ 6 

0.4 


* Includes first 24 hours of the latent period. 
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DISCUSSION 

That thyroid hormone exerts a protein anabolic effect under cer- 
tain circumstances was suggested by observation that young thj’-- 
roidectomized rats (Evans, Simpson, and Pencharz 1939) and goats 
(Reineke and Turner 1941) and human cretins resume growth 
under treatment with thyroid hormone. A greater growth rate of in- 
tact mice given thyroxine has been demonstrated ; in the latter exper- 
iments, however, the weight increase was almost completely ac- 
counted for by increased food intake (Koger, Hurst, and Turner 
1942). Our experiments were carried out on force-fed rats, thus ob- 
viating the difficulties of interpretation resulting from change in food 
intake following thyroid administration in ad lib. fed animals. Studies 
of N-balance in human hypothyroids with food intake as nearly con- 
trolled as possible have suggested increased N-retention under thy- 
roid medication (Janey 1918, Johnston and Maroney 1939, Wilkins 
1945) but in long-term clinical experiments tlie maintenance of a con- 
stant intake is difficult to enforce. 

Our experiments demonstrate that the thyroidectomized rat 
under conditions of constant intake (force-feeding) retains less N 
than does the normal rat, either because it cannot anabolize protein 
or because simultaneously occurring catabolic processes are increased. 
The finding of increased N excretion following thyroidectomy is in 
agreement with the results of Persike (1948). It should be stressed 
that the studies on thyroidectomized rats were performed three weeks 
after operation except as noted in Table 2. Consequently, the in- 
creased N excretion cannot be interpreted as resulting from an un- 
specific alarm reaction. Furthermore, N excretion following other 
relatively simple operations in the rat is either only slightly increased 
for a short time or shows no significant change. 

Daily injection of 5-10 micrograms of thyroxine decreases the 
nitrogen excretion of the thyroidectomized rat, apparently even to a 
level lower than that of the intact animal. The secretion of thyroid 
hormone by the rats thyroid has been calculated to be approximately 
5-10 microgram equivalents of thyroxine per day (Dempsey and 
Astwood 1943, Reineke, Mixner and Turner 1945). The fact that ad- 
ministration of such amounts of thyroxine exert a protein-anabolic 
effect suggests that the latter may be the physiological action of thy- 
roid hormone. 

On the other hand, large amounts of thyroxine, 50 or 100 micro- 
grams per day, induce protein catabolism in intact and in thyroidec- 
tomized rats under the conditions of our experiments. In ad lib. fed 
rats, certain anabolic processes in the liver have been observed after 
a single injection of large amounts of thyroxine, 400 micrograms per 
100 gm. body-weight (Sternheimer 1939.) The experimental condi- 
tions in Sternheimer’s experiments and in ours differ too widely to . 
permit close comparison but the possibility of anabolic processes in 
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the liver occurring simultaneously with an overall negative nitrogen 
balance is of some interest. 

The protein anabolic effect of physiological doses of thyroxine was 
absent in the hypophysectomized rats. Since the h 3 ^ophysectomized 
rat is physiologically almost "athyroid/'one would expect an ana- 
bolic effect such as was observed in the thjToidectomized rats. This 
suggests that pituitary function may be a prerequisite for the protein 
anabolic effect of thyroid. This ivould be in agreement with the ob- 
servation that the thyroidectoraized-hypophysectomized rat does not 
resume growth under treatment with thyroid hormone (Evans, 
Simpson and Pencharz 1939). The nature of this interaction or- 
synergism betiveen thyroid hormone and the pituitary cannot be 
interpreted at this time. It is probably significant in this connection 
that in our experiments (on fed hypophysectomized animals) large 
doses of thyroxine failed to induce protein catabolism whereas pro- 
tein catabolism has been induced by tliyroxine in the fasting hy- 
pophysectomized dog (Soskin, Mirsky, Zimmerman and Crohn 1938) 
and in the fasting hypophysectomized phlorhizinized rat (Wells and 
Chapman 1941). 

SUMMARY 

Experiments are reported on the influence of thyroxine on N ex- 
cretion in force-fed rats kept on a constant food intake. 

Thyroidectomy in the rat is followed by an increased output of • 
urinary N. This is a late effect not to be interpreted as unspecific 
post-operative negative N balance (alarm reaction). 

Small, physiological doses of thyroxine decrease N excretion in 
the thyroidectomized rat (protein anabolic effect). In the intact rat 
such doses of thyroxine have no influence on N balance. 

Large amounts of thyroxine increase N excretion both in the in- 
tact and in the thyroidectomized rat (protein catabolic effect). 

In the hypophysectomized rat small doses of thyroxine fail to 
exert a protein anabolic effect and large dbses fail to exert a protein 
catabolic effect. 
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LACK OF EFFECT OF LACTOGENIC HORMONE ; 
UPON ORGAN WEIGHTS,. NITROGEN AND PHOS- 
PHORUS BALANCE, AND THE FAT AND PRO- - 
TEIN CONTENT OF LIVER AND CARCASS 
IN MALE RATS GIVEN LACTOGENIC ‘ 
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CHOH HAO LI, DWIGHT J. INGLE, MILDRED C. PRESTRUD 

AND JAMES E. NEZAMIS 

From the Institute of Experimental Biology, University of California, 
Berkeley and the Research Laboratories, the Upjohn Company, 
Kalamazoo, Michigan 

Prior to the isolation of the lactogenic hormone of the anterior 
pituitary in homogeneous form there were many reports that non- 
purified preparations of this hormone exerted metabolic effects not 
directly associated with its role in lactation and luteotrophic action. 
The biologic properties of pure lactogenic hormone have not been 
fully studied. We have been especially interested in the report of 
Reiss (1947) that a preparation of lactogenic hormone caused a sig- 
nificant decrease in the fat of carcass and skin in the rat. In the pres- 
ent study the administration of lactogenic hormone for 10 days to 
the force-fed male rat failed to cause any significant change in the 
weights of liver, stomach, intestines, kidneys, testes, thymus and 
adrenals, in nitrogen and phosphorus balance, or in the fat and pro- 
tein content of the liver and carcass. 

METHODS 

Male rats of the Sprague-Dawley strain were maintained on a diet of 
Archer Dog Pellets until they reached a weight of approximately 300 gm. 
They were then placed in metabolism cages and maintained on a fluid diet 
administered by stomach tube each morning (8:30 to 9:15 a.m.) and after- 
noon (4:15 to 5:00 p.m.) The technique of force-feeding and the diets used 
were modifications of those described by Reinecke, Ball and Saumels (1939). 
The diet was made according to Table 1. During the period of adaptation to 
force-feeding the amount of diet was increased gradually to prevent the de- 
velopment of "food-shock.” The animals were brought to a full feeding of 26 
cc. per day on the 5th day. 

The animals were housed in an air-contidioned room in which the temper- 
ature was maintained at 74 to 78 degrees F and the humidity at 30 to 35 
per cent of saturation. Twenty-four-hour samples of urine were collected at 
the same hour each day and were preserved with thymol and 1 gram .of 
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Table 1. Medium carbohydrate diet 


Constituent Grams 

Ccllu flour (Chicago Dietetic Supply) 120 

Osborne & RIendel salt mixture 40 

Diet yeast (Pabst) 100 

Wheat germ oil 10 

Cod liver oil . ' ' 10 

Vitamin K (2-methyl-l,4'naphthoquinone) 100 mg. 

Mazola oil 200 

Casein (Labco) • 160 

Starch 200 

Dextrin 190 

Sucrose 200 

Water to make total of 2000 cc. 



1‘'k5. 1. I,ack of effect of lactogenic liormone upon body-weight and urinary nitrogen 
and phosphorus in normal forec-fed male rats. .4verages. 









456 


LI, INGLE, PRESTRUD AND NEZAMIS 


Volume 44 


citric acid to insure the acidity of the urines for nitrogen analysis. The folloM- 
ing methods of analysis were used: Urinary inorganic phosphorus, Muller 
(1935) ; urinary non-protein nitrogen by the micro-Kjeldahl procedure; tissue 
fat and tissue protein, Li ei al. (1948). 

The lactogenic hormonehvas prepared by the procedure of Li, et al. (1942). 
Following control periods of 14 days, 8 experimental animals were each given 
1 mgm. of lactogenic hormone by subcutaneous injection in 3 divided doses 
per day for 10 days. Eight control animals were given injections of physiologi- 
cal saline. At the end of the expei'iment the animals were anesthetized with 
ether and exsanguinated. The hair was carefully shaved from the body, all 
of the intra-thoracic and intra-abdominal organs were removed, and the car- 
cass including skin was chilled but not frozen, ground and lyophilized at low 
temperature until dry. The liver Avas not ground but Avas subjected to Ij'^- 
ophilization. The carcass and liver Avere then analyzed for fat and protein. 

RESULTS 

The data on body-Aveight, urinary non-protein nitrogen and inor- 
ganic phosphorus are in Figure 1, the data on organ weights are in 

Table 2. Organ weights from lactogenic hormone experiment 


Organ 

Lactogenic Hormone 

Controls 

Average 

Range 

Average 

Range 

Liver 

9.95 gms. 

8.95-10.85 

9.96 gms. 

. 8.40-11.00 

Stomach 

1 .52 gms. 

1.45- 1.60 

1 .53 gms. 

1.40- 1.83 

Small Intestine 

5.95 gms. 

5.20- 6.45 

5.89 gms. 

5.40- 0.34 

Cecum and Colon 

2.11 gms. 

1.85- 2.30 

2.13 gms. 

2.00- 2.30 

Kidneys 

2.29 gms. 

2.10- 2.40 

2.17 gms. 

1.85- 2.50 

Testes 

3.29 gms. 

2.98- 3.55 

3.09 gms. 

2.70- 3.58 

Thymus 

242 mgms. 

105-334 

269 mgms. 

• 184-330 

Adrenals 

44 mgms. 

38-48 

46 mgms. 

■40-52 


Table 3. Liatir composition op rats treated with lactogenic hormone. 

averages and range 




Composition in 

Gms. per 100 Gms. Wet Liver 


Liver Wt. Gms. Water 

Fat 

Protein 

Lactogenic hormone 

Control 

9.95 

(8.95-10.85) 

9.96 

(8.40-11.00) 

67.68 

(66.9-68.6) 

67.55 

(66.9-68.5) 

5.39 

(4.60-6.86) 

4.46 

(2.86-5.92) 

21.08 

(19.0-22.2) 

22.06 

(20.8-23.3) 


Table 4. Carcass composition of rats tre'Ated with lactogenic hormone 

averages and range 




Composition in 

Gms. per 100 Gms. Wet Carcass 


Body Wt. Gms. Water 

Fat 

Protein 

Lactogenic hormone 

Control 

352 

(339-363) 

350 

(334^367) 

68.67 

(67.3-69.5) 

68.33 

(65.9-70.7) 

11.55 

(8.6-13.6) 

12.19 

(9.3-14.6) 

15.36 

(14.1-16.9) 

15.23 

(14.1-16.2) 
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Table 2, the data on liver composition are in Table 3 and the data on 
carcass composition are in Table 4. The administration of lactogenic 
hormone did not cause any significant change in any of the indices 
applied in this study. The animals treated with lactogenic hormone 
excreted more nitrogen than did their controls but his group differ- 
ence was present during the pre-injection period so that it cannot be 
said that lactogenic hormone modified nitrogen balance. 

DISCUSSION 

The differences between the negative results of tliis studj^ and the 
positive effects of lactogenic hormone reported by Reiss (1947) must 
be due either to the presence of biologically active substances other 
than lactogenic hormone in the extracts used by Reiss or to differ- 
ences in experimental procedures or the responsiveness of the test 
animals. Riddle and associates (1947) have summarized their exten- 
sive investigations of the biologic effects of “prolactin” in mammals 
and birds. They found that “prolactin" increases the weight of the 
liver and pancreas in doves and pigeons and increases the percentage 
of hepatic glycogen and fat in the pigeon. These actions were found 
to be absent or negligible in the rat and other mammals. 

The data of Figure 1 shows a consistent average difference in the 
amounts of nitrogen excreted by the two groups during both the pre- 
injection and the experimental periods. This illustrates the advisa- 
bilitj'' of using the data obtained during the control period to divide 
the animals into more precisely balanced groups than is likely to be 
attained bj' random selection. 

SUMRIARV 

Male rats of approximately 300 grams initial weight were force- 
fed a medium carbohydrate fluid diet. Following a control period of 
14 days, 8 rats were given 1 mgm. of pure lactogenic hormone in 3 
divided injections per daj'' for 10 days. An equal number of control 
rats were given injections of physiological saline. Nitrogen and plios- 
phorus were determined in urine during the experiment. At necropsy 
the liver, stomach, intestines, kidneys, testes, thymus and adrenals 
were weighed and the fat and protein content of the liver and carcass 
were determined. The results were negative. 
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STUDIES ON THE NATURE OF THE PROTEIN 
CATABOLIC RESPONSE TO ADRENAL ' 
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It is generally believed that in addition to their other actions, 
those adrenal cortical steroids which influence protein metabolism do 
so by increasing the rate of protein catabolism. The coupling of the 
increase in nitrogen excretion with an accumulation of liver glycogen 
following treatment with adrenal cortical hormones in the fasted ani- 
mal has led to the concept that these steroids are concerned with the 
process of gluconeogenesis from protein (Long, Katzin, and Fry, 1940). 
These findings, amply substantiated by many different investigators', 
have directed attention toward various steps in the metabolic cycle 
between protein and glycogen as possible sites for the locus of action 
of the adrenal cortex in metabolism. The degradation of protein it- 
self, the deamination of amino acids, the conversion of three carbon 
precursors to glucose and glycogen, the conversion of glucose to gly- 
cogen, and the inhibition of extra hepatic glucose utilization have all 
been considered in terms of the site of action of the cortical steroids 
in metabolism (Long 1942). The purpose of this study is to attempt 
to throw further light on the mechanism of intervention of the adrenal 
cortex in protein metabolism. In a previous study (Engel, Pentz, and 
Engel, 1948) a method was developed for measuring quantitatively 
small changes in protein metabolism over brief periods. The method 
depends on the relatively steady rate of urea synthesis that occurs 
during the first 18 to 24 hours following bilateral nephrectomy in the 
rat. Since urea is equally distributed throughout the body water, 
changes in the blood urea nitrogen of the nephrectomized rat after 
various experimental procedures quantitatively reflect increases or 


Received for publication January 27, 1949. 

' These studies were supported by the Duke Research Council, the Anna II. Hanes 
Fund, the Committee on Research in Endocrinology of the National Rese.arch Council 
and in part by an American Cancer Society Grant recommended by the Committee on 
Growth of the National Research Council. 

^ Preliminary reports of portions of this work have appeared in abstract form, 
Engel, Pentz and Engel 1947 and Engel, Schiller, Pentz and Bondy 1948. 

’ Present Address; Department of Medicine, Duke University. 

^ Present Address: Fearing Research Laboratory, Free Hospital for Women, Brook- 
line, Massachusetts. 


458 



May, 1949 


ADRENAL AND PROTEIN CATABOLISM 


459 


decreases in protein catabolism, urea being the end product of this 
process. 

By application of this technique to the study of cortical hornione 
action it has been possible to determine the time following injection 
at which the protein catabolic action of adrenal cortical extract be- 
comes apparent and to measure quantitatively its magnitude. The 
effect of various experimental procedures on this action of cortical 
hormone will be considered. 

MATERIALS AND METHODS 

Part of these experiments were carried out at Emory University and part 
at Duke University. 

In the Emory series male rats of the Sprague-Dawley strain, weighing 
180 to 240 grams were used. In the Duke series Vanderbilt strain male rats 
from 160 to 220 grams in weight were used. The former were fed Rockland 
rat chow, the latter Purina dog choiv supplemented with liver pudding (pork 
liver 25, cornmeal 25, cracked wheat 25, powdered milk 3 and NaCl 1.4) and 
lettuce each twice a week. The Emory group were kept in an air-conditioned 
room from 24-27° C., the Duke group were not. The technique for studying 
nitrogen metabolism in the nephrectomized rat and the analytical methods 
have been described in previous reports (Engel and Engel, 1947, Engel, 
Pentz, and Engel, 1948). All results are expressed in milligrams of urea nitro- 
gen synthesized per 100 grams body weight per hour, comparing a three hour 
control period with an equivalent experimental period. The animals were 
fasted for 16 hours following nephrectomj' and prior to the experimental 
period. With the exception of the adrenal cortical extract which was given 
subcutaneousl}', all test substances were given intravenously via the external 
saphenous vein. The . animals were kept under light nembutal anesthesia 
during the experimental period. 


T.^BLE 1. COMFOSITIOK OP .>lMISO ACID MIXTURES 



VuJ-n 
mg. 
per cc. 

mg. N 
per cc. 

‘‘Non-Glycogenic VuJ” 
1 mg. 

per cc. 

mg. N 
per cc. 

Glycine 

8.0 

1.49 

Glycine 

— 

— 

dl-threoninc 

8.G 

0.95 

l-threonine 

2.0 

0.2 

dl-valine 

11.1 

1.33 

1-valinc 

6.5 

0.87 

1-histidinc-HCL 

3.2 

0.64 

1-histidinc-HCL-HiO 

3.4 

0.68 

l-argininc-UGl 

6.4 

1.70 

1-arginine-HCl 

2.5 

0.81 

dl-phonylalanine 

5.5 

0.47 

1-phcnvlalanine 

6.0 

0.50 

dl-mcthioninc 

4,9 

0.45 

1-methioninc 

3.8 

0.35 

dl-isolcucinc 

8.6 

0.91 

1 1-isoleucine 

7.0 

0.75 

dl-lcucinc 

12.3 

1.31 

1-leucinc 

15.0 

1 .60 

l-lwinc-HCl 

9.9 

1.34 

l-lysine-HC4-ILO 

61.2 

8.53 

dl-tryptophane 

1.5 

0.20 

1-tryptophane 

2.0 

0.27 

Total 

SO.O 

10.79 


109.4, 

14.56 

At a dose of 0,87 

ml. per 

100 gms. 

At a dose of 0.81 

ml. per 

100 gms. 

(9.4 mg. N) 70% (5.5 

mg.) of the utiliz- 

! (ll.S mg. N) 23.0% (2.8 mg.) of the N 


liWo N (7.S mg, N) comes from glycogenic j comes from glycogenic amino acids and 
amino acids and 30% (2.3 mg.) from non- { 76.4% (9.0 mg.) from non-glycogcnic 
glycogenic amino acids. i amino acitls. 
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Liver glycogen levels were measured by a modification of the method of ' 
Good, Kramer and Somogyi (1933), with glucose determined by the photo- 
metric technique of Nelson (1944). 

All test materials were injected as sterile solutions. The following sub- 
stances were used: 

1. VuJ-n (Merck and Compan}^- An 8 per cent solution of synthetic 
amino acids consisting of the 10 essential amino acids plus glycine in the 
proportions listed in Table 1. This was used at a dose of 0.87 ml. or 9.4 mg. N 
per 100 gms. bod}'- weight. 70 per cent of the nitrogen in this mixture came 
from glycogenic amino acids. With the exception of glycine, histidine and 
arginine all the amino acids in this mixture were in the racemic form. On the 
basis of present information as to the utilization of d-amino acids in the rat, 
it was estimated that 83 per cent of the injected N could be used (Albanese, 
1947). 

2. “N on-glycogenic VuJ.” A mixture prepared by ourselves from mate- 
rial supplied by Merck and Company and having the composition recorded 
in Table 1. But for glycine, it contained the same amino acids as the VuJ-n 
but all were of the natural form. The six mono-amino mono-carboxylic acids 
(1-isoleucine, l-leucine, 1-methionine, 1-phenylalanine, 1-threonine and 1- 
valine) were in form of a specially prepared casein hydrolysate and contained 
a small proportion of unidentified nitrogen. The solution was made ilp to 
a concentration of 10.9 per cent, adjusted to pH 7.05, autoclaved and in- 
jected at a dose of 0.81 ml. or 11.8 mg. N per 100 grams body weight. 23.6 
per cent of the nitrogen in this mixture was derived from glycogenic amino 
acids. It should be noted that lysine was the chief non-glycogenic amino 
acid in the mixture. 

3. Lysine-hydrochloride 6.85 per cent adjusted to pH 7.4 and autoclaved. 
Dose 1 ml. per 100 grams body weight (50 mg. free lysine or 9.6 mg. N). 

4. 5 per cent glucose in normal saline. Dose 1 ml. or 50 mg. glucose per 
100 gms. body Aveight. 

5. VuJ-n in 5 per cent glucose in distilled Avater. Dose 0.87 ml. per 100 
gms. body AA'eight. 

6. Human serum albumin, salt free, diluted to 6.25 per cent AA'ith normal 
saline. Dose 1 ml. or 10 mg. N per 100 gms. body AA'eight. 

7. 6.25 per cent human serum albumin in 5 per cent glucose in saline. 
Dose 1 ml. per 100 gms. body AAmight. 

8. 15 per cent corn oil emulsion stabilized AA'ith 3 per cent soy bean phos- 
phatides prepared by Dr. F. J. Stare. Diluted to 3 per cent Avith normal saline 
and administered at a dose of 1 ml. or 30 mg. of fat per 100 gms. body 
Aveight. 

9. TJpjohn’s aqueous adrenal cortex extract. 

RESULTS 

The results to be recorded represent data collected in tAA'o labo- 
ratories from different strains of rats kept under different dietary and 
enAuronmental conditions. Although the basal hourly rates of urea 
formation calculated for a three hour periqd beginning 15-17 hours 
after nephrectomy were different in the two strains, the responses to 
the experimental procedures Avere qualitatively and quantitatively 
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similar in all cases compared. In 201 rats of the Emory series the 
basal rate was 3.0 +0.08 mg. N per 100 gms. per hour (Engel, Pentz 
and Engel, 1948) while in 243 rats of the Duke series the rate was 
2.0 ±0.05 mg. N per 100 gms. per hour. A third series of animals re- 
ported in the accompanying paper and studied in the Emory labora- 
tory were of the Rockland strain and fed a low potassium diet. These 
animals had a basal rate of urea formation of about 1.8 mg. N per 
100 gms. per hour (Bondy, Engel, and Farrar, 1949). The laboratory 
of origin of each experiment is recorded in each table. 

Effects of Adrenal Cortical Extract 

Adrenal cortical extract (ACE) was injected subcutaneously in 
two equal doses at the beginning and end of the first hour of the con- 
trol period. Blood was collected at 0, 3, and 6 hours (16, 19, and 22 
hours after nephrectom}'-) and the average hourly rates of urea for- 


Ta.ble 2. Influence op A.C.E. on urea. N production in 

THE NEPHBECTOMIZED RAT 


Procedure* 

No. 

! of 

Rate of urea nitrogen formation in 
mg. N per 100 gm. body wt. per hr. 



rats 

0-3 hrs. 3-6 hrs. Change 

«p,, 

Saline (1.0 ml. per 
100 gm.) 

10 

1.7±0.15 1.9±0.17 +0.2±0.20 

>0.5 

A.C.E. (0.5 ml. per 
100 gm.) 

11 

1.9+0.20 2.6±0.23 +0.7+0.25 

<0.02 

A.C.E. (0.8 ml. per 
100 gm.) 

17 

1.8±0.22 2.6A0.28 +0.8A0.29 

<0.01 

A.C.E. (1.0 ml, per 
100 gm.) 

22 

2.2+0.20 3.0+0.27 +0.8+0.24 

<0.01 

A.C.E. (2.0 ml. per 
100 gm.) 

12 

1.8±0.20 2.8+0.27 +1.0±0.32 

<0.01 


* Duke Series — Basal Rate 2.0 +0.05 mg. N per 100 gms. per hour. 

The values in this and subsequent tables represent the means with their standard 
errors. 


mation calculated for the 0-3 and the 3-6 hour periods. A control 
series in which 1 ml. of normal saline was injected is included. Table 
2 records the results. Note that the saline was without effect on the 
rate of urea formation. Regardless of dose, the rate of urea formation 
during the first three hours following the injection of ACE was not 
significantly different from the basal control rate of 2.0+0.05 mg. 
N per 100 gms. per hour. This confirms previously reported data 
using a different strain of rats (Engel, Pentz and Engel, 1948). 

During the second three hour period a highly significant increase 
in urea formation occurred with all doses of ACE used except the 
smallest. Within the dose range employed there was no clear-cut cor- 
relation between the dose and response once a significant increment 
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was achieved. From these studies it is apparent that the- protein 
catabolic effect of ACE in the fasted nephrectomized rat begins about 
3 hours after injection and amounts to about 1 mg. of N per 100 
gms. body weight per hour for the subsequent 3 hours under the con- 
ditions of these experiments. This may be compared to the increase 
of 2.2 mg. of total urinary nitrogen per 100 gms. body weight per hour 
found by Long, Katzin,. and Fry (1940) following 12 consecutive 
hourly injections of 1 ml. of ACE into normal fasted rats and 0.7 mg. 
of urinarj'- nitrogen per 100 gms. per hour for 24 hours after 8 hourly 
injections of 1 ml. each of adrenal cortical extract found b}’- Noble and 
Toby (1948). No attempts have been made to determine how long the 
effect lasts in our experiments. A similar stimulation of protein cata- 
bolism occurs after ACE in the adrenalectomized-nephrectomized rat 
(Bondy and Engel, 1947). 

Effects of Amino Acids on Protein Catabolic Action of AGE 

If the adrenal cortex were concerned primarily with the conversion 
of amino acids to glycogen, or if it had an obhgatoiy effect on endog- 
enous protein catabolism, one might anticipate that the administra- 
tion of amino acids at a time when ACE was exhibiting its effect on 
nitrogen metabolism would result in an enhanced rate of urea forma- 
tion. The data in Table 3 shows that this is not the case. 9.4 mg. of 
N in the form of a mixture of amino acids (Merck’s VuJ-n) injected 
intravenously at the end of the third hour increased the rate of urea 
N formation 1.2+0.18 mg. per hour during the subsequent 3 hours. 
When combined with a small dose of ACE (0.4 ml. per 100 gms.) 
which itself caused no significant stimulation of protein catabolism, 
1.3+0.20 mg. of urea N per hour appeared during the following 3 
hours. Administration of VuJ-n to rats which had received doses of 
ACE causing increases in urea-N of the order of 1.2 +0.28 and 0.9 + 


Table 3. Influence of intravenous amino acids on the urea production 
AFTER A.C.E. IN THE NEPHRECTOMIZED RAT 


Procedure* 1 

No. of 

Urea N mg. 

N per 100 gm. body w-t. per hour 


Rats 

d-3 hrs. 

3-6 hrs. 

Change 

VuJ-n (9.4 rag. N per 100 gm.) 

24 

3.1±0.23 

4.3±0.23 

+1.2 + 0.18 

<0.01 

A.C.E. (0.4 ml. per 100 gm.) 

18 

3.0±0.21 

3.4±0.26 

+0.4 + 0.23 

0.2 

A.C.E. (0.4 ml. per 100 gm. plus 
VuJ-n 9.5 mg. N/lOO gm.) 

10 

3.0 + 0.31 

4.3±0.15 

+1.3±0.20 

<0.01 

A.C.E. (0.8 ml. per 100 gm.) 

13 

2,9 + 0.22 

4.1±0.34 

+1.2 + 0.28 

<0.01 

A.C.E. (0.8 ml. per 100 gm. 
VuJ-n 9.4 mg. N per 100 gm.) 

12 

2.6±0.35 

3.9±0.27 

+1.3±0.33 

<0.01 

A.C.E. (1.2 ml. per 100 gra.) | 

12 

2.8±0.21 

3.7±0.26 

+0.9±0.23 

<0.01 

A.C.E. (1.2 ml. per 100 gm. 
VuJ-n 9.4 mg. N per 100 gm.) i 

10 

2.8±0.26 

4.0±0.19 

+1.2±0.22 

<0.01 

VuJ-n (9.4 mg. N per 100 gm. 
i.v., 9.4 mg. N per 100 gm. i.p) 

0 

3.4±0.20 

G.l±0.31 

+2.7±0.2G 

. <0.01 


* Emory Series — Basal Bate 3.0 ±0.08 rag. N per 100 gm. per hour. 
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0.23 mg. N per hour, yielded no greater amount of urea than if either 
ACE or the VuJ-n alone were injected. The increases were 1,3 ±0.32 
and 1.2 ±0.22 mg. N per 100 gms. per hour, respectively. This repre- 
sents conversion to urea of approximately 46 per cent of either the 
injected nitrogen or its equivalent from the tissues. This is not the 
limit of the liver's ability to deaminate amino acids under these cir- 
cumstances as doubling the dose of amino acids approximately’ 
doubled the subsequent yield of urea. This is recorded in the last line 
of Table 3. The administration of 18.8 mg. of N per 100 gms. resulted 
in the formation of 2.7 ±0.27 mg. of extra urea N per hour for the 
subsequent 3 hours. 

The failure to get ah additive effect on urea formation when AGE 
and amino acids were administered concurrently argues against de- 
amination of amino acids with subsequent urea formation as being a 
necessary result of cortical hormone action. By the same token, how- 
ever, these results can be taken as evidence against a primary action 
on protein breakdown b}-- ACE. One would anticipate that the amino 
acids resulting from this reaction would be added to the amino acid 
pool available for deamination by the liver, unless the high concentra- 
tion of amino acids, resulting from the injection suppresses endoge- 
nous protein catabolism. The following experiment suggests that the 
latter may be the case. In a previous study (Engel and Engel, 1946) 
it was shown that following the intravenous injection of amino acids 
into the nephrectomized rat most of the resulting urea was formed in 
the first hour, less in the second and very little in the third. Although 
the total amounts of urea formed in 3 hours after ACE, VuJ-n and 
ACE plus VuJ-n were-the same it seemed possible that a difference 
in the rates of urea formation after each of these substances might 
be detected if measured each hour under these circumstances. The 
results are shown in Table 4. 

The average hourly rates of urea formation for the control and 
experimental periods are recorded in the first part of the table. The ' 
second part indicates the excess urea above the basal rate formed 
during the 4th, 6th, and 6th hours respectivelj’’. Due to the greater 
amount of sampling and deeper anesthesia with resultaPt greater 
tendency to respiratory obstruction from mucus, a small but just 
significant increase in urea formation occurred during the seconddhree 
hour period in the control animals. This did not occur in other experi- 
ments in wliich samples of blood 4vere taken only at 3 hour intervals. 
The increase was of probable significance during the 3rd to 4th hour 
(p <0.05) but not during the last two hours. The stimulation of urea 
formation by mild hemorrhage and anoxia has been noted before 
(Engel A Engel, 1946). It is reflected in subsequent experiments .with 
ACE and '\TiJ-n by a somewhat greater urea formation tlian recorded 
in the previous experiment in which less bleeding was done. In the 
ACE treated rats a significant increase in urea formation occurred, 



Table 4. Urea synthesis each hour after A.C.E. and amino acid treatment in nephbectomized rats 
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as before. The excess amounts of urea formed each hour represented 
a significant increase over the basal rate, but are not significantly 
different from each otlier. If these rates are corrected for the non- 
specific stimulation by subtracting the excess urea appearing each 
hour in the control series they become 1.0 mg., 0.9 mg., and 1.0 mg. 
N per 100 gm. during the 4th, 5th, and 6th liours respectively. 'Fol- 
lowing amino acid injection significant increases in urea formation 
occurred during the 4th and 5th hours, but not the 6th and the rates 
each hour were each significantly less than the pre^dous one. Corrected 
for the non-specific stimulation these rates become 2.7, 1.5, and 0.2 
mg. Niier 100 gms. When ACE and VuJ-n were given the results 
were identical with those following VuJ-n alone and in sharp contrast 
with the relatively steady rate of urea formation after ACE alone. 
The corrected values for the increases in urea formation were 2.0, 0.3, 
and 0.2 mg. N per 100 gms. per hour. WThile the responses to amino 
acids and to ACE plus amino acids were the same in that the excess 
in urea formation each hour was significantly less than the preceding 
hour, none of these were significantly different from the corresponding 
hour in the ACE series, in which the excess urea formed each hour 
was approximately the same. In view of the larger error inherent in 
taking hourly samples this is not surprising in series of this size. 
Limited significance can be attached, therefore, to the experiment as 
a whole. Considering each response by itself it can onl}'^ be suggested 
that the response to ACE and amino acids is more as if amino acids 
alone were given, i.e. that the amino acids suppressed the action of 
the ACE. A significant increase in liver glycogen occurred in the rats 
treated with amino acids and ACE, but not with ACE alone. Since 
the apparent suppression of the protein catabolic effect of ACE oc- 
curred under circumstances in which there was an increase in liver 
glycogen the possibility that the availability of gluconeogenetic 
material may determine whether endogenous protein breakdown 
takes place after ACE treatment was considered. The e.xperiments 
recorded in Table 5 were therefore carried out. 

The greatest proportion of nitrogen (70 per cent) in Vu.J-n comes 
from glycogenic amino acids. Using the same amino acids except for 
gl 3 ^cine, a mixture was prepared in Avhich the proportions were so 
changed that 76.4 per cent of the N now came from non-glycogenic 
amino acids (Table 1). This mixture, when given in aldose of 11.8 
mg. N per 100 gms. bodj'' weight was less well utilized or tolerated 
than the VuJ, the equivalent of 61 per cent of the injected nitrogen 
appearing as urea in 3 hours. When injected into the ACE-treated 
animals, the amount of urea formed was neither significantly greater 
than that after the amino acids alone, nor significantly less tlian'dhe 
expected sum if the effects of the amino acids and ACE were additive 
(Table 5). There was a small but probablj'^ significant (p <0.05) in- 
crease in liver glycogen in the rats treated with ACE and “Non- 
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glycogenic VuJ.” Since this mixture still contained some glycogenic 
amino acids, the experiment was repeated using a single, non-glj’-co- 
genic amino acid, lysine. This material was probabl}'' toxic since when 
injected at a dose of 9.6 mg. N. per 100 gm., 10.14 extra mg. of urea 
nitrogen appeared in 3 hours and the liver glycogen was significantly 
decreased. However, when given with ACE, slightly less urea was 
formed than with lysine alone, again indicating a suppression of the 
ACE action on protein catabolism. The liver glycogen after ACE and 
lysine was significantly greater than after lysine alone, but not greater 
than the control. It was significantly less than after ACE alone. 


Table 5. Influence of intravenous amino acids on the urea production 

AFTER A.C.E. IN THE NEPHRECTOMIZED RAT 


Procedure* 

No. of 

Urea N mg. N per 100 gm. body 
■weight per hr. 

B 

I.iver 

glycogen 

1 mg. per 100 
gm liver 


1 

0-3 hrs. 

3-6 hrs. ] 

Change 

gH 

Non-glycogenic VuJ (11.8 mg. N per 
100 gm.) 

H 

2.1±0.29 

4.9±0.28 

-)-2.8±0.34. 

<.01 1 

2931 77 

A.C.E. (0.8 ml. per 100 gm.) 

D 

1.8 + 0.22 

2.6±0.28 

-fO. 810.29 

<.01 

2311 37 

A.C.E. (0.8 ml. per 100 gm.) plus 
non-glyoogenio VuJ 

H 

I.9±0.16 

5.1±0.39 

-1-3.210.33 

<.01 

4991 60 ‘ 

Control 

9 1 




■1 

7481126 

A.C.E. (0.8 ml. per 100 gm.) 

9 





13351173 

Lysine (9.6 mg. N per 100 gm.) 

13 

2.3±0.20 

5.7±0.15 

-1-3.410.29 


4871 82 

A.C.E. (0.8 ml. per 100 gm.) plus ly- 
sine (9.6 mg. N per 100 gm.) 

14 

2.5±0.27 

5.3±0.28 

-1-2.8 + 0.26 

B 

9281 91 


* Duke series — Basal Rate 2.0±0.05 mg. N per 100 gm. per hour. 


These results suggest that the inhibitory action of amino acids may 
not be related directly to their glyconeogenetic potency. However, 
elevated liver glycogen levels after lysine and ACE raise the possi- 
bility that in the presence of ACE, the non-glycogenic amino acids 
simply exchange with glycogenic amino acids in the tissue. The al- 
leged unreactivity of lysine throws doubt on such a concept (Schoen- 
heimer, 1942). Lysine on the other hand may simply serve as a non- 
specific sti-ess in these experiments. 

Effects of Glucose on the Protein Catabolic Action of ACE 

With the observation that amino acids apparently suppressed the 
action of ACE on endogenous protein metabolism, it became of in- 
terest to see whether other metabolites had a similar action. Table 6 
records the effects of glucose. The experiment was performed twice, 
once in each laboratory, with identical results but only those from 
the Duke laboratory are recorded. Glucose was administered intra- 
venously in a dose of 50 mg. per 100 grams, a dose approximately 
isbcaloric with that of the amino acid used in the previous experi- 
ments. Glucose itself had no effect on urea formation but when given 
in conjunction with ACE completely abolished the inci’ease in nitro- 
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gen customarily seen after treatment with this hormone. That the 
suppression of urea formation is at the level of protein breakdown 
rather than deamination of amino acids is suggested by the four last 
experiments in this series in which it is shown that glucose does not 
prevent the increase in urea that followed the injection of amino 
acids. This was true both after rapid and slow injection of the amino 
acids. The rate of delivery of amino acids to the liver therefore is 
probably not a significant factor in the response to glucose. 

A similar effect of glucose on nitrogen metabolism after ACE was 
noted by Long, Katzin, and Fry (1940) in intact rats given 5 ml. of 
cortical extract intraperitoneally and 760 mg. of glucose by stomach 


Tablb 6. Inflitekce of intravenous glucose on the urea production after 

A»C.E. AND AMINO ACIDS IN THE NEPHRECTOMIZBD RAT 



No. of 
rats 

1 Urea N Mg. N per 100 gm. body v.’t. per hr. 


Procedure ! 

j 

0-3 hrs. 

3-6 hrs. 

Change 

*‘P” 

/Glucose (50 mg, per 100 gm. i.v.) 

G 

1.7±0.28 

1.8±0.17 

+0.1+0.38 

0.5 

/A.C.E. (0.8 ml. per 100 gm.) 

17 

l.S±Q.a2 

2.6±0.2S 

+0.8±0.29 

<0.01 

M'C.E. (0.8 ml. per 100 gm.) plus 
glucose (50 xng. per 100 gm.) 

u 

2.1±0.18 

2.3±0.21 

+0.2+0.27 

0.5 

*VuJ-n (9.4 mg. N per 100 gm.)t 

24 

3.1±0.23 

4.3±0.23 

+1.2+0.18 

<0.01 

*VuJ«n 9.4 mg. N per 100 gm.) 
+Gluco5e (50 mg. per 100 gm,)t 

14 

3. 7 ±0.32 

5.4±0.25 

+1.7 + 0.41 

<0.01 

^^^uJ-n (10 mg. N per 100 gm.)t 

i 8 

2.3±0.30 

4.2±0.2l 

+1.9 + 0.43 

<0.01 

fVuJ-n (10 mg. N per 100 gm.) plus 
glucose (50 mg, per 100 gm,)t 

s 

I 

1.7±0.31 

4.S±0.31 

+2.8 + 0.35 

<0.01 


♦ Emory Series — ^Basal Rate — 3.0 ±0.08 mg. N per 100 gm. per hour. 

# Duke Series — ^Basal Rate — 2.0 ±0.05 mg, N per 100 gm. per hour, 
t Test solution injected intravenously over 6 minutes. 

t Test solution injected intraperitoneally in 6 divided doses over one hour. 


tube. No change in nitrogen excretion occurred during the four hours 
of observation. In a later report (Long, 1942) an increase of only 5.4 
mg. of urinarj’’ nitrogen per 100 grams in 12 hours was found after 11 
hourly injections of 1 ml. of cortical extract were given with three 
feedings of glucose. This may be compared to the increase of 27 to 
33 mg. of N previously reported in fasted normal, adrenalectomized 
and hypophysectomized rats given a similar dose of cortical extract 
(Long, Katzin, and Fry 1940). 

Effect of Fat on the Protein Catabolic Action of ACE 

The availability of a fat emulsion suitable for intravenous ad- 
ministration made it possible to examine the effect of fat on the pro- 
tein catabolic effect of ACE. This material in the form of a 15 per 
cent emulsion of corn oil stabilized with 3 per cent soy bean phos- 
phatides was kindly supplied us by Dr. F. J. Stare of the Department 
of Nutrition, Harvard Medical School. The material was diluted to 
3 per cent fat with saline and injected at a dose of 30 mg. of fat per 
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100 grams body weight. The results are seen in Table 7. Neither the 
saline control nor the fat itself produced any change in nitrogen 
metabolism. ACE produced its usual effect and, in contrast to the 
results with glucose and amino acids, was not inhibited by the fat. 
There were small rises in liver glycogen in each of the experimental 
groups compared to the saline controls, but these were not statisticall}^ 
significant. Assuming that the injected fat was metabolized, and we 
have no proof of this from these experiments, it is apparent that 
merely supplying calories to the fasting animal is not sufficient to 
block the ACE effect on protein metabolism.! 


Table 7. Influence of intravenous fat on the urea production 
after A.C.E. in the nephrectomized rat 


Procedure* 

No. of 

Urea N mg. N per 100 gm. body wt. per hr. 

"p” 

Liver glyco- 
gen mg. per 
100 gm. liver 

rats 

0-3 hrs. 

3-6 hrs. 

Change 

Saline (1.0 ml. per 100 gm.) 

10 

1.7 + 0.15 

1.9±0.17 

+0.2±0.20 

>0.5 

458 ±133 

Fat (1 .0 ml. 3 .0% in saline) 

11 

2.3±0.26 

2.3±0.20 

0.0 + 0.19 

>0.5 

709 ±142 

A.C.E. (1.0 ml. per 100 gma.) 

10 

2.2±0.24 

3.0±0.30 

+0.8 + 0.23 

<0.01 

672 ± 99 

A.C.E, (1 .0 ml. per 100 gms.) plus 
Fat (1.0 ml, 3.0% in saline) 

8 

1.5±0.31 

2.5±0.18 

+1.0 + 0.19 

<0.01 

1 

683 ± 143 


* Duke Series — Basal Rate 2 .0±0.05 mg. N per 100 gm. per hr. 


The Effects of Protein on the Protein Catabolic Action of ACE 

The evidence so far has indicated that ACE does not act primarily 
in protein metabolism at tlie level of deamination of amino acids and 
that such actions as it may have on protein breakdown itself may be 
masked by the administration of glucose and amino acids. The next 
consideration was what would be the effect of exogenouslj^ adminis- 
tered protein on ACE action. For this purpose salt poor human al- 
bumin was used. It was injected at a dose approximately equivalent 
to that of the amino acids used i.e. 10 mg. N per 100 grams. Since 
repeated and identical positive results had been achieved with ACE 
alone the results are compared with an earlier representative series 
with ACE. In Table 8 it will be seen that the intravenous injection 
of human serum albumin did not cause any increase in urea formation 
in the control animals. However, when injected into the ACE treated 
animals an increase of 1.6+0.28 mg. N per 100 grams, per hour oc- 
curred. This increase was questionably significantlj'’ greater than tliat 
after ACE alone (p<0.05). This result should be compared to the 
lack of additive effect seen when amino acids are given to ACE treated 
rats. No increase in urea formation followed the injection of albumin 
in 5 per cent glucose into the control rats. Moreover, when ACE was 
given glucose abolished the extra urea formation previously seen fol- 
lowing albumin injection (Table 8). 

t Since this manuscript was submitted for publication it was discovered that tlic 
fat emulsion as originally made contained 4.5 per cent glucose. In the dilution used, i.e. 
3% of the solution contained 9 mg. of glucose per ml., a negligible amount. 
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Table 8. Influence of intravekotis albumin on the urea production 

AFTER A.C.E. IN THE NEPHRECTOMIZED RAT 


Procedure* 

No. of rats 

tJrer N mg. N 100 gm. body weight per hour 

"P” 

0-3 brs. 3-6 fare. Change 

A.C.E. (1.0 ml. per 100 gm.)t 

22 

2.2±0.20 3.0 + 0.27 +0.8 ±0.24 

<0.01 

Human serum albumin (6.25% in 
saline, 10 mg. N per 100 gra.) 

12 

2.4±0.21 2.7 + 0.25 +0.3 ±0.32 

>0,5 

Human serum albumin (6.25% in 
saline 10 mg. N per 100 gm.) 
A.C.E. (1.0 ml. per 100 gm.) 

13 

1.9±0.13 3. 5:^0. 25 +1.6 ±0.28 

<0.01 

Human serum albumin (6.25% in 
5% glucose and saline, 10 mg. N 
per 100 gm. 

7 

1.8 + 0.20 1.9±0.31 +0.1 ±0.41 

>0.5 

Human serum albumin (6.25% in 
5% glucose and saline, 10 mg, 
N per 100 gm.) 

14 1 

i 

2.0+0.15 2.5 + 0.28. +0.5 ±0.35 

>0.5 


* Duke Series — ^Basal Rate 2.0 ±0.05 mg. N per 100 gm. per hr. 
t See Table 2. 


DISCUSSION 

The results of these studies confirm the well documented fact that 
adrenal cortical extract increases the rate of protein catabolism in,the 
fasted animal. An effect was detectable in the experiments as early 
as 3 hours after its administration. This is consistent with the results 
from other studies on cortical hormone activity such as dissolution of 
lymphocytes (Dougherty and White, 1944) but had not been demon- 
strated previously with respect to nitrogen metabolism. The magni- 
tude of the increase in nitrogen metabolism recorded during the three 
hours of these experiments was somewhat less than obtained by Long, 
Katzin, and Fry (1940) who measured the 12 hour urinary nitrogen 
excretion in rats receiving 1 ml. of cortical extract each hour, but 
similar to that found by Noble and Toby (1948) using smaller amounts 
of ACE. In our experiments there was no significant increase in 
urea formation as the dose of cortical extract was raised, but the pos- 
sible prolongation of the response beyond 3 hours by larger doses 
was not investigated. 

In these studies the increase in urea formation in the fasted rat 
after ACE treatment was prevented by an injection of glucose or of 
amino acids, but not when either fat or whole protein were admin- 
istered. This could be interpreted as indicating that glucose and amino 
acid inhibited protein catabolism. However, without the use of a 
tracer technique it is not possible to distinguish between an actual 
decrease in protein catabolism and an increase in the rate of metabo- 
lism of amino acids by a pathway other than deamination and urea 
formation. The failure of glucose to alter the rate of urea formation 
after amino acid injection suggests that deamination is not the locus 
at which glucose exerts its effect in decreasing urea formation after 
ACE, but rather that glucose spares protein. 

The modification of the protein catabolic response to ACE by 
the various metabolites injected makes possible further consideration 
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of both the mode and site of action of the adrenal cortex in protein 
metabolism. Since the administration of _ adrenal cortical steroids 
causes an increase in liver glycogen in both the fasted and the fed 
animal the possibility may be suggested that the availability of glu- 
cose or of glycogen precursors may determine in some way whether 
an increase in endogenous protein catabolism will occur following 
ACE treatment. The absence of the increase in protein catabolism 
after ACE when either- glucose or amino acids were given and the 
failure of fat, a poor glycogen precursor, to influence the catabolic 
response all would favor such a view. The finding that the non- 
glyeogenic amino acids also apparently masked the protein catabolic 
action of ACE does not seem to support such an interpretation. How- 
ever, these latter data must be interpreted with caution. While there 
was no significant increase in urea formation after ACE plus non- 
glycogenic VuJ-n, compared to after each alone, neither was the 
change significantly less than that expected were the two additive. 
Lysine alone, on the other hand, definitely did not yield an additive 
eflfect to that from ACE alone. The choice of lysine for. these experi- 
ments, however, may not have been the best. It was determined by 
the availability and high solubility of lysine so that it could be given 
in a dose comparable to the VuJ-n. According to the data of Schoen- 
heimer (1942) lysine does not exchange its nitrogen like most other 
amino acids. Furthermore lysine is said not to be deaminated in vitro 
by liver or kidney slices (Felix and Naka, 1940), although Borsook, 
Deasy, Hagen-Smit, Keighley and Lowy (1948) have recently re- 
ported on the formation of a-amino adipic acid from lysine in liver 
homogenates. Neuberger and Sauger (1944), furthermore, report 
that both nitrogen atoms of 1-lysine were converted to urea when fed 
to rats. In addition, administration of a single amino acid or an un- 
balanced mixture may throw a ''strain” on the normal mechanisms 
of metabolism, yielding a different result from that when a balanced 
mixture is given. Both after “non-glycogenic VuJ”. and lysine in 
these experiments a considerably greater amount of urea nitrogen was 
formed than after the more balanced VuJ-n mixture. This may be in- 
terpreted either as indicating a high conversion to urea of the in- 
jected amino acids or, what is more likely, a "toxic” effect of the 
amino acids with resultant stimulation of endogenous protein catab- 
olism. Unless tagged amino acids are used it is impossible to disting- 
guish between these two effects. A stimulation of endogenous protein 
catabolism by lysine with the release of potentially glycogenic amino 
acids from the tissues could be a factor in the apparent inhibition of 
the protein catabolic action of ACE. The increase in liver glycogen 
after ACE plus "non-glycogenic VuJ” and ACE plus lysine could be 
taken to support such a view-point. For this reason we cannot inter- 
pret these results to mean that amino acids need not be glycogenic 
to inhibit the protein catabolic action of ACE. 
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The intravenous administration of fat had no effect on nitrogen 
metabolism in these experiments and did not effect the response to 
ACE. Assuming that the fat was utilized during this time, this result 
would indicate that ^supplying calories in the form of fat, which is not 
readily converted to carbohydrate, does not interfere with the ACE 
action on protein metabolism. A small but not significant increase in 
liver glycogen occurred after the fat. TJie studies of McKibbin, Perry, 
and Stare (1946) on this fat emulsion clearly indicate that this prep- 
aration is utilized by dogs and is capable of maintaining a positive 
nitrogen balance on a low diet protein. By incorporating radioactive 
trilaurin into the fat emulsion and mea.suring the output of radio- 
active CO 2 in exhaled air Geyer, Chipman and Stare (1948) have 
demonstrated that this emulsion is utilized immediately following 
intravenous injection. ' 

Albumin was not converted to urea in 3 hours when injected into 
the nephrectomized rats, but when given to ACE treated rats an 
amount of urea was formed which was just significantly greater 
(p <0.05) than that expected after ACE alone. Without the use of 
tracers it is of course impossible to determine whether the urea formed 
arose from tlie injected albumin or from tissue protein. This result 
therefore cannot be taken to either support or deny tiie hypothesis 
that the availability of glycogen precursors determines whether pro- 
tein catabolism will take place after ACE treatment. The fact that 
the extra urea formation after albumin and ACE was abolished when 
glucose was given with the albumin indicates that this protein catab- 
olism, regardless of origin, is subject to the same influences as is the 
endogenous protein catabolism which follows ACE treatment. 

When taken in conjunction with the finding that the adrenalec- 
tomized rat shows the same increment in urea formation after amino 
acids as does the normal rat and does not convert injected plasma 
protein to urea (Bondy, Engel, and Farrar, 1949) the above data lead 
to the conclusion that the adrenal cortex must intervene in protein 
metabolism at the level of protein itself. This conclusion is supported 
by the fact that glucose does not depress urea formation from in- 
jected amino acids while it does suppress urea formation from ACE. 
Conversely, the failure to get an additive effect when amino acids 
and ACE ai'e given and the normal response to amino acids in the 
adrenalectomized rat argue against ACE having a significant influ- 
ence on deamination of amino acids. The findings of Wells and 
Kendall (1940) that the adrenalectomized phlorhizinized rat fed 
casein alone was able to metabolize this protein and excrete the same 
amount of nitrogen and glucose as the intact phlorhizinized rat and 
that of Segalloff (1946) that the adrenalectomized rat can be main- 
tained in good condition on a high protein carbohydrate free diet like- 
wise support the view that the adrenalectomized rat has no .serious 
defect in amino acid metabolism. Protein taken in the gastrointestinal 
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tract is, of course, introduced into the metabolic pool as amino acids. 
The decrease in gluconeogenesis from amino acids in kidney tissue in 
vitro reported by Russell and Wilhelmi (1941) ma^'- represent a 
special case applicable chieflj'^ to renal metabolism. Koepf et al. (1941) 
found no such defect in liver slices from adrenalectomized rats. 

' However, the mechanism by which ACE increases the catabolism 
of whole protein is by no means clear. The fact that this response is 
readily inhibited by glucose and amino acids indicates that protein 
breakdown is not an obligatory action of ACE and suggests that it 
may be secondary to events occurring elsewhere in the metabolic 
pathways of carbohydrate and fat. There is ample experimental evi- 
dence indicating that the adrenal cortex is .concerned with the utiliza- 
tion of carbohydrate. The studies of Long (1940, 1942) confirmed by 
man}'' other investigators have indicated that in the fed animal a de- 
creased oxidation of carbohydrate must occur to explain the accumu- 
lation of glycogen and the increase in blood sugar that occurs after 
treatment with adrenal cortical steroids or adrenocorticotrophic hor- 
mone. Nitrogen excretion in the fed animal or patient given adrenal 
cortical steroids or adrenocorticotrophic hormone varies from' no 
change to moderate increases as the dose of hormone is increased, 
but in no case has been sufficient to account for the accumulation of 
carbohydrate that occurred (Ingle, Li, and Evans, 1946, Forsham, 
Thorn, Prunty, and Hills, 1948, Conn. Louis, and Wheeler, 1948). 
Pancreatic diabetes is alleviated by adrenalectomj’’ (Long and Lu- 
kens, 1936). When account is taken of the decrease in food intake 
which follows adrenalectomy it is apparent that the improvement in 
the diabetes must be attributed more to increased utilization of car- 
boh 3 ffirate in the absence of the adrenal cortex than to decreased glu- 
coneogenesis from protein (Ingle and Presti’ud, 1948). 

On the basis of the data presently available, one might be tempted 
to speculate that the primary site of action of the adrenal cortex in 
metabolism is on carbohydrate metabolism, decreasing the oxidation 
of glucose and directing glucose disposal to glycogen storage and pos- 
sibly conversion to fat. In the fasted animal this would make neces- 
sary the breakdown of protein to supply the precursors for glycogen 
and fat, while at the same time fat would be mobilized and oxidized 
to supply'’ the calories not readily available from carbohydrate. In the 
fed animal the response to cortical steroids would depend on the 
caloric intake and the dose of hormone. Under optimal circumstances 
the materials supplied in the diet would obviate the need for extra 
endogenous protein catabolism to meet the change in metabolism. 
With larger doses of hormone or an indaequate dietary intake the 
tissue proteins might still be called on. Our observation that glucose 
and amino acids prevent the breakdown of protein is consistent with 
such a view since they would represent the substrates necessary to 
carry the process forward without calling on tissue protein. For 
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reasons already noted the results with the non-glycogenic amino 
acids which seem contradictory cannot be considered as conclusive. 
One might anticipate that other 3-carbon intermediaries such as lac- 
tate and pyruvate might be equally effective, but this experiment has 
not been done. The administration of fat might influence the pathway 
from carbohydrate to fat by the mass action law but would have little 
effect on glycogen synthesis. For this latter reaction another precur- 
sor, tissue proteins, would still be required. Whole protein intrave- 
nousl}'' might be anticipated to be called on in the same way as tis- 
sue protein and its utilization rendered largely unnecessary b}'- glucose. 

Although our data are readily explained by the above hypothesis 
there are reasons for not rejecting the possibility that the adrenal cor- 
tex may in addition play a role directly in the metabolism of protein. 
The adrenalectomized animal can still draw readily from protein in 
the diet and avoid hj^poglycemia, but cannot do so readilj’^ by in- 
creasing tissue protein catabolism and gluconeogenesis, immediately 
after adrenalectom 5 '-, although later it can (Ingle and Oberle, 1946 
Noble and Toby, 1948). The adrenalectomized-nephrectomized rat 
forms urea at a relatively constant rate from the time of operation to 
death, whereas the control nephrectomized rat catabolizes protein 
and makes urea at an ever increasing rate until death (Bondy and 
Engel, 1947). The adrenalectomized animal cannot mobilize protein 
in response to a stress as does the normal animal, and does not utilize 
injected plasma in the same way as the normal rat (Bondy, Engel, 
and Farrar, 1949). The adrenalectomized mouse does not draw on its 
lymphoid tissue nitrogen during a prolonged fast (White and 
Dougherty, 1948). It would appear possible that the adrenal cortex 
may be concerned both with the mobilization and translocation of 
protein and the catabolism of this protein. The magnitude of the lat- 
ter reaction may depend on the relative availability of extra carbo- 
hydrate, amino acids or other precursors of carbohydrate. During 
fasting or when fat alone is available protein catabolism will of neces- 
sity occur, whereas if there is a plethora of glucose or amino acids pro- 
tein catabolism will be inhibited. Further investigation is still neces- 
sary, however, to place clearly the protein catabolic action of the 
adrenal cortex in relation to the other changes in metabolism. 

SUMMARY 

An increase in urea formation begins 3 hours after the subcutane- 
ous administration of adrenal cortical extract to fasted nephrecto- 
mized rats. 

This increase is prevented by glucose injected intravenouslj'^ three 
hours after the cortical extract. 

Injection of a mixture of the ten essential amino acids plus glycine 
resulted in no greater amount of urea formation in the nephrectomized 
rat when given in conjunction with adrenal cortical e.xtract than 
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when either the amino acids or the adrenal cortical extract alone were 
injected. Data are presented to suggest that the amino acids actually 
inhibited the breakdown of endogenous protein which usually follows 
the injection of adrenal cortical extract into the fasted animal. 

Similar results were obtained if the amino acid mixture was modi- 
fied to contain predominantly non-glycogenic amino acids or if lysine 
alone was injected. 

Intravenous fat administration did not inhibit the increase in urea 
formation after adrenal cortical extract. 

Human serum albumin injected at the same dose level in terms of 
nitrogen as the amino acids did not stimulate m-ea formation in the 
nephrectomized rat. In conjunction with adrenal cortical extract, 
however, a slightly greater amount of urea was formed than after 
cortical extract alone. This effect was abolished if glucose was given 
with the albumin. 

These data are interpreted to indicate that (a) the action of the 
adrenal cortex in nitrogen metabolism is on whole protein rather than 
amino acids aiid (b) that the increase in protein catabolism after 
adrenal cortex extract is readily modified bj'^ changing the internal 
metabolic environment. It is suggested that the amount of glucose or 
of glycogen precursors available maj’- be a determining factor in 
whether protein catabolism will be stimulated by the adrenal cortex. 
The interpretation of the role of the adrenal cortex in protein metab- 
olism as entirely secondary to changes in carbohydrate and/or fat 
metabolism is considered but held not to be adequate in light bf pres- 
ently available data. The suggestion is made that the adrenal cortex 
may be necessary to make protein available for catabolism but that 
the latter reaction occurs only if no other substances capable of 
readily entering the metabolic pathways of carbohydrate are avail- 
able. 
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THE METABOLISM OF AMINO ACIDS AND PRO- 
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ATLANTA, GEORGIA 

In the preceding paper data were presented on the nature of the 
protein catabolic effect of adrenal cortical extract in nephrectomized 
rats (Engel, Schiller and Pentz, 1949). It was shown that the intra- 
venous injection of glucose or amino acids 2 to 3 hours after adrenal 
cortical extract inhibited or masked the usual stimulation of nitrogen 
metabolism that occurred after administration of this hormone. It 
was further demonstrated that cortical hormone did not stimulate 
the conversion of injected amino acids to urea whereas it did stimu- 
late urea formatiori' after the injection of albumin. The latter effect 
waslnliibited if glucose was given with the protein. It was concluded 
that in its action on protein metabolism and gluconeogenesis the 
adrenal cortex did not detectably influence the rate of deamination of 
amino acids but did intervene at the level of protein degradation it- 
self. 

The present study on the metabolism of amino acids and proteins 
in the adrenalectomized-nephrectomized rat was designed to throw 
further light on this problem. By the use of the adrenalectomized rat 
it is possible not only to examine the effects of the absence of the 
adrenal itself, but also to evaluate the possible role of non-specific 
stimulation of protein metabolism as a result of the experimental pro- 
cedures in the animals with intact adrenals. 

MATERIALS AND METHODS 

Male rats from Rockland farms, weighing between 180 and 240 grains, 
were fed a low potassium diet (Bondy and Engel, 1947) for three days before 
the experiment. Bilateral nephrectomy or adrenalectomy and nephrecromy 
were performed, and the animals injected with 2.5 mg. of desox 3 Torti coster- 
one acetate in oil subcutaneouslj'^ at the time of operation and at 18 or 40 
hours postoperatively. All food was withheld, but water and saline were 


Received for publication January 27, 1949. 

‘ These studies were supported in part by a grant from the Committee on Research 
in Endocrinology, National Research Council. 

^ Present Address: Dept, of Physiological Chemistry, Yale University School of 
Medicine, New Haven, Connecticut. 

’ Present Address; Dept, of Medicine, Duke University School of Medicine, Dur- 
ham, N. C. 


476 



May, 1949 


ADRENALECTOMY AND N METABOLISM 


477 


offered freely. The rats were bled from the tail at the time of operation, and 
at 18, 21, and 24 hours, or at 40, 43, and 46 hours after operation. The blood 
samples were analyzed for urea bj' the xanthj'^drol precipitation method of 
Engel and Engel (1947). At 21 or 43 hours, the test substance was adminis- 
tered by intravenous injection into the internal saphenous vein, which was 
exposed by a skin incision. The injection took five minutes for completion. 
Light nembutal anesthesia was used for operation and during the period of 
bleedings. The rate of urea formation rvas calculated from the increase of 
the blood urea level, assuming that urea was equally distributed throughout 
the total body water (63% of the body weight). Rates of urea formation 
were expressed as milligrams nitrogen per 100 grams bodj’^ weight per hour. 
Most of the test substances injected were the same as in the previous report 
and administered in the same doses (Engel, Schiller and Pentz, 1949). In 
addition rat plasma was prepared in the following manner: At the end of 
the experiments, rats were killed by decapitation and their blood collected 
in heparin.. The plasma was separated and frozen. When an adequate amount 
had accumulated, it was thawed, filtered through a Seitz filter into a sterile 
cellophane bag, and dialyzed for 12-18 hours against cold running tap water, 
then against 0.5 per cent sodium chloride solution for one hour. The bag 
Avas hung in the blast of an electric fan in a cold room until the contents had 
concentrated to less than their original volume. The preparation was ana- 
l 3 ^zed for nonprotein nitrogen and total protein, and diluted with distilled 
water until the concentration of protein approximated 13 mg. of protein ni- 
trogen per ml. The material was then refiltered, and stored under aseptic 
conditions. One hundred units of penicillin and 1:1000 merthiolate were 
added. The plasma thus obtained was sterile on culture and had no pyrogens 
when tested in rabbits. The quantity administered was adjusted to supply 
10.4 mg. of protein nitrogen per 100 grams of rat. In some experiments 
glucose was added to the plasma to a concentration of 6 per cent. 

RESULTS 

In a previous report from this laboratory (Bond}'- and Engel, 1947) 
it Avas shown that in order to achicA’-e a reasonable period of suiwiAml 
after combined adrenalectomy and nephrectomjq it AA'as necessary to 
deplete the animals of potassium for se\'eral days preoperatwety. 
Under these circumstances the adrenalectomized-nephrectomized rat 
actuallj’- surAUA^ed longer than the nephrectomized rat similarly pre- 
treated Avith a loAV potassium diet and with injections of desoxjmorti- 
costerone acetate postoperathmly. The nitrogen metabolism of the 
adrenalectomized animals was chai’acterized bj’- a relatiAmlj’’ constant 
rate of urea accumulation from the time of operation until death 
AA'hereas there Avas a rapidlj”- accelerating rate in rats with intact 
adrenals. Since it appeared possible that the pattern of protein metab- 
olism might be somewhat different shortlj" postoperatiAmly in the 
rats Avith intact adrenals, compai'ed to a later intei'Aml when urea 
formation had sharpty increased, the present experiments Avere car- 
ried out at tAvo intervals, namely 18 to 24 hours and 40 to 46 hours 
postoperativeljL The aA^erage hourlj' I'ates of urea formation from 
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operation to the 18th and 40th hours, and from the 18th to 21st, and 
40th to 43rd hours were compared in different series of nephrectomized 
rats with and without adrenals. During the 21st to 24th and the 43rd 
to 46th hours the effects of the various test materials were examined. 
The results of these experiments are shown in Tables 1 and 2. 

Table 1. Effects of amino acids, plasma protein, A.C.E. and glucose on urea 

FORMATION IN NEPHRECTOMIZED AND ADRENALECTOMIZED-NEPHRECTOMIZED RATS 
ON LOW POTASSIUM DIET 21 HOURS POSTOPERATIVELY 


Procedure 

No. of 
rats 

Rate of urea N formation, mg. N per 100 gm. 
body weight per hr. 

Hours postoperatively 


i 0-18 hrs. 


18-21 hrs; 


21-24 hrs. 

Nephrectomized VuJ-n* (9.4 mg. N per 
100 gm.) 

16 

2.7 + 0.11 

<0.01 

1.810.18 


3.010.32 

"P” 




N.S. 


- N.S. 

Adrenalectomized-nephrectomized VuJ- 
n* (9.4 mg.,N per 100 gm.) 

17 

i 2.310.11 

<0.01 

. 

1.310.18 

<0.01 

2.910.35 

Nephrectomized plasma* (10.4 mg. N per 
100 gm.) 

6 

2.4 + 0.13 

<0.01 

1 

1.610.24 

<0.02 

2.610.24 

..pM 

B 

, N.S. 


<0.01 . 


<0.01 

Adrenalectomized-nephrectomized plas- 
ma* (10.4 mg. N per 100 gm.) 

■ 

2.510.16 



N.S. 

0.810.30 

“p” 

B 

N.S. 


N.S. 

■Hi 

<0.02 

Adrenalectomized-nephreclomizcd ACEt 
(0.8 ml. per 100 gm.) plasma* (10.4 
mg. N per 100 gm.) 

8 

2.310.15 

<0.01 




Adrenalectomized-nephrectomized ACEt 
(0.8 ml. per 100 gm.) 

3t 

2.6 


2.2 

1 

BB 

2.5 

i 

Nephrectomized normal potassium diet. 
Plasma* (10.4 mg. N per 100 gm.) 

7 



2.310.31 

N.S. 

2.610.32 

Nephrectomized glucose* (50 mg. per 100 
gms.) 

12 

2.910.14 

i 

<0.01 

1.810.13 

N.S. 

1.710..32 

..p„ 


N:S. 


N.S. 


N.S. 

Adrenalectomized-nephrectomized glu- 
cose* (50 mg. per 100 gms.) 

10 

2.710.10 

N.S. 

1.710.45 

N.S. 

1.510.36 


* Administered intravenously at the 21st h(mr. 
t Administered subcutaneously at the 18th and 19th hours, 
X Number of animals too small for statistical analj’sis. 


The rate of urea production immediately after operation was 
higher than the rate from 18-21 hours. The change was significant 
in all groups except in the adrenalectomized rats injected with glucose 
at 21 hours. In this series, the decrease of the mean was as large as 
in some of the other series, but the large standard error of the 18-21 
hour period brought the value of “p” higher than 0.05. The higher 
postoperative rate of urea production may be related to the trauma 
of operation. Nowever, it is of interest that this higher rate was not 
observed in rats having a normal potassium intake in the diet (Engel, 
Pentz, and Engel, 1948). 

After the injection of the amino acid mixture, VuJ-n, there was 
a significant increase in the rate of urea production both in animals 
with and without adrenals, in the 18 hour series. The increment was 
slightlj'’ larger in the adrenalectomized group, possibly because of the 
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somewhat lower initial (18-21 hour) rate of urea production in this 
series. No significant difference was found between the adrenalecto- 
mize'd animals and those udth intact adrenals in then- ability to in- 
crease their rate of urea production after the administration of amino 
acids. The final rates of urea formation in rats with and without 
adrenals were identical. It may be noted that the increment produced 
bj’’ VuJ-n in this experiment is the same as that previously’" reported 
in a different series of animals but on a chow diet and with intact 
adrenals, similarly injected in this laboratory (Engel, Pentz and 
Engel, 1948). These results confirm Evans’ finding (1941) that the 
adrenalectomized-nephfectomized rat shows no impairment of ability 
to deaminate injected alanine. 

The above results are in contrast to those obtained when the 
nitrogen was injected in the form of whole protein (rat plasma). After 
the administration of rat plasma there was no change in the rate of 
formation of urea in the adrenalectomized animals. Animals with in- 
tact adrenals, however, increased their rate of urea production signifi- 
cantl 3 ^ The rate of urea formation was increased from 1.6+0.24 in 
the control period to 2.6 ±0.24 mg. per 100 gm. body weight per hour 
during the three hours following the injection of plasma. There was a 
significant difference in tlie rate of production of urea after the in- 
jection of plasma in adrenalectomized as compared to non-adrenal- 
ectomized animals. The increase in urea formation after plasma in- 
jection into nephrectomized rats with intact adrenals differs from the 
results described in the previous report (Engel, Schiller and Pentz, 
1949). No change in urea formation was noted after human serum 
albumin treatment in rats similarly nephrectomized but previously 
maintained on a diet adequate in potassium unless adrenal cortical 
extract was given. The studies in this laboratory were suspended be- 
-fore it was possible to test the effect of albumin in the above strain 
of rat on a low potassium diet. However, one of us (F.L.E.) has 
studied the effect of intravenous plasma on the rate of urea formation 
in nephrectomized rats on a diet of normal potassium content in the 
Duke laboratory. The rate of urea formation was 2.3 ±0.31 mg. per 
100 gms. body weight prior to plasma injection and 2.6 ±0.32 mg. 
per 100 gms. following treatment, an insignificant change (Table 1). 
This corresponds to the results Avith albumin in the same strain of 
rats under the same experimental conditions. It is conceivable, there- 
fore, that the potassium deficiency is responsible in some waj' for the 
increase in urea formation after plasma. 

These results imply that the adrenal cortex is necessary for tlie 
increase in the rate of urea production in fasting potassium depleted 
rats after the injection of rat plasma. In order to confirm this hyqjoth- 
esis, adrenalectomized-nephrectomized rats were injected with ad- 
renal cortical extract 2 and 3 hours before the injection of plasma. 
In Table 1 it may be seen that, under these circumstances, there was 
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a significant increase in the rate of production of urea after the in- 
jection of plasma, the rate increasing from 1.0+0.18 to 2.1+0.35 
mg. per 100 gm. body weight per hour. No significant differences 
were found between the rates of urea formation in the fat with intact 
adrenals and the adrenalectomized rat given adrenal cortical extract. 
The difference in the rate of urea formation after the administration 
of adrenal cortical extract and plasma to the adrenalectomized rat 
was significant as compared to the response to plasma alone, without 
the hormone. 

It was desirable to separate the effect of adrenal cortical extract 
on the rate of urea synthesis in the adrenalectomized rat from the 
effect of the injection of plasma. A series of adrenalectomized rats 
was therefore given adrenal cortical extract without plasma ; however 
limitations of time did not permit finishing this series. The incomplete 
results are shown in Table 1. It appears that the effect of the injection 
of adrenal cortical extract into an adrenalectomized rat is intermedi- 
ate between the result when plasma alone is administered, and when 
both plasma and adrenal cortical extract were given. 

A series of adrenalectomized-nephrectomized and nephrectomized 
rats were injected at 21 hours with glucose . This experiment did not 
produce any significant alteration in the rate of urea production in 
either group. It may therefore be accepted as a control observation, 
indicating that the handling of the rats and the injection of the vol- 
umes of fluid involved in the present experiments do not themselves 
influence the rate of urea synthesis. It may be noted that the lack of 


Table 2. Effects of amino acids, plasma and glucose on urea formation in 

NEPHRECTOMIZED AND ADRENALECTOMIZED-NEPHRECTOMIZED RATS 
ON A LOW POTASSIUM DIET, 40 HOURS POSTOPERATIVELY 


Procedure 

No, of 
rats 

Rate of urea N formation mp. N per 100 pms. 
body weight per hr. 

Hours postoperatively 


0—40 hrs. 1 **p’’ 

40-13 lirs. 

“P” 

43-40 lirs. 

Nephrectomized Vu.T-n* (9.6 inp. N per 
100 pm.) 

17 

2.9 + 0.13 

N.S. 

3.2±0.14 

N.S. 

3.8±0.49 

••p” 


<0.01 1 

<0.01 


N.S. 

.Adrenalectomized nephrectomized Vu.I- 
n* (9.6 mp. N per 100 pm.) 

15 

2.3 + 0.14 

N.S.' 

2.2±0.28 

<0.05 

3.4±0.52 

Nephrectomized plasma* (10.4 mg. N per 
100 pm.) 

8 

2.3 + 0.07 

N.S. . 

2.2±0.24 


3.G±0.31t 

"p" 


N.S. 


N.S. 1 

<0.01 

Adrenalectomized-nephrcctomized plas- 
ma* (10.4 mp. N per 100 gm.) 

0 

2.2 + 0.14 

N.S. 

1.9±0.61 

N.S. 

1.6 + 0.30 

■ 

Nephrectomized plasm.a* (10.4 mp. N per 
100 pms. in 5% glucose 

7 

2..3±0.12 

N.S. 

2.9±0.45 

<0.01 

l,4±0.12t 

“p” 


<0.01 


<0.02 


<0.01 

— 

Adrenalectomized-nephrectomized plas- 
ma* (10.4 mg. N per 100 gms. in 5% 
glucose 

' 6 

1.6 + 0.07 

N.S. 

1.2±0.41 

N.S. 

0.7 + 0.19 


♦ Administered intravenously at the 43rd hour. , i • 

t *'p" value <0.01 for the nephrectomized animals piven plfisma compared to the nephrectomizeo anim. 
given plasma in 5% glucose. 
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response to this dose of glucose is consistent with previously reported 
results (Engel, Schiller and Pentz, 1949). 

Table 2 records the results of experiments carried out 40-46 hours 
postoperatively. In this series the animals were usually quite ill dur- 
ing the experiment, so that the results obtained were not so uniform 
as in the 18 hour group. 

After the injection of amino acids (VuJ-n) there was an increase 
in the rate of urea formation in the adrenalectomized animals. The 
increment, 1.2 mg. per 100 gm. per hour is comparable with 1.6 mg. 
per 100 gm. per hour observed 18 hours after operation. In animals 
with intact adrenals there was also an average increase in the rate of 
urea formation, but the rise was small (0.6 mg. per 100 gm. per hour) 
and not statistically significant. The lack of significance can be re- 
lated in part to the large standard errors obtained in this series, when 
the animals were witliin a few hours of death. The larger response of 
the adrenalectomized animals may be due in part to the lower basal 
urea formation rate, and in part to the fact that adrenalectomized 
potassium-depleted animals develop uremia more slowly than do 
those with intact adrenals (Bondj'' and Engel, 1947) so that their con- 
dition was less desperate than that of the rats with intact adrenals 
at this time. 

The injection of plasma was followed by no increase in the rate of 
urea formation in the animals without adrenals, but in those whose 
adrenals were intact, there was a rise Avhich was comparable to that 
obtained at 18 hours, and considerably larger than that shown at 40 
hours after the injection of VuJ-n. There was a significant difference 
in the rate of urea formation after the injection of plasma in the adre- 
nalectomized rats as compared with those udth intact adrenals. The 
response of the animals to VuJ-n and to plasma was similar at 18 
and 40 hours postoperatively, suggesting that the effects of adrenal- 
ectomy are well established 18 hours after operation. 

The extra urea formation when albumin was given to ACE treated 
rats was prevented if glucose was administered with the albumin 
(Engel, Schiller, and Pentz, 1949). It seemed of interest to determine 
whether the increase in urea after plasma whicli occurs in potassium 
deficient nephrectomized rats even in the absence of extra cortical 
hormone could be blocked bj’^ glucose. As seen in Table 2, the simul- 
taneous administration of glucose and plasma produced a fall in the 
rate of urea formation in both adrenalectomized and non-adrenalec- 
tomized animals. The reduction in the rate of urea formation was 
significant in the animals with intact adrenals. It should be noted 
that glucose irot only totally blocked the effect of the injection of 
plasma on the urea production rate of animals with intact adrenals 
but also reduced the higher rate of urea formation occurring at 40 
hours as compared to 21 hours after ne^phrectomy. Thus the increases 
in urea formation after plasma and after the stress of increasing ure- 
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mia in rats with intact adrenals are subject to the same inhibitory- 
influence from glucose as are those after excess ACE, with or without 
albumin. 


DISCUSSION 

The response of the adrenalectomized rats to the administration 
of amino acids supports the point of view that the adrenal cortical 
hormones do not promote deamination of amino acids. It is apparent 
that, under the circumstances of the experiment, adrenalectomized 
rats were capable of deaminating amino acids as well as rats with in- 
tact adrenals. Evans (1941) had previously reported observations 
which agree with this finding. He showed that the injection of dl- 
alanine was followed by an increase of urea production in adrenalec- 
tomized-nephrectomized rats which was equal to that found in normal 
controlSi 

An explanation is not apparent for the' increase in urea formation 
after plasma in the potassium-depleted nephrectomized rats com- 
pared to the lack of response to plasma or albumin in the presence of 
an adequate potassium intake. Conceivably it might be due to a de- 
creased ability to store protein intracellularly in the face of a potas- 
sium deficiency. However, the possibility cannot be ruled out that, 
despite all precautions, this plasma used in these experiments was 
toxic and stimulated endogenous protein catabolism. In any case the 
failure of the adrenalectomized-nephrectomized rat to show an in- 
crease in urea formation after plasma unless cortical extract is given 
is significant. It indicates that the adrenal cortex is necessary for the 
increase in nitrogen metabohsm that occurs after plasma although 
there is no proof here that it is responsible for it. This is similar to 
and may be even identical Avith, the relation of the adrenal cortex to 
the increased nitrogen excretion after stress. Ingle, Ward, and Kui- 
zenga (1947) have shown that the adrenal cortex is necessary, but 
not responsible for tliis response. Our previous observation (Bondy 
and Engel, 1947) that the rate of urea formation in adrenalectomized 
rats remains constant from nephrectomy to death unless cortical ex- 
tract is given, Avhereas it accelerates from day to day in rats Avith 
intact adrenals is another example of the role of the adrenal in the 
mobilization and catabolism of protein after stress. The increase in 
urea formation after plasma as well as the higher rate of urea forma- 
tion 40 hours after nephrectomy were both modified by glucose just 
as Avas the stimulation of protein catabolism by adrenal cortical ex- 
tract (Engel, Schiller, and Pentz, 1949). Since glucose had no effect 
on deamination of amino acids these results suggest that glucose is 
acting at the same level in all these cases, i.e. inhibition of protein 
breakdown itself. 

When taken in conjunction with the normal rate of urea formation 
after amino acid injection in the adrenalectomized rats and the ob- 
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serv'ations described in the previous report, the results with plasma 
are consistent with the view that the adrenal cortex intervenes in 
protein metabolism at the level of protein breakdown rather than 
elsewhere. Where there is the element of stress the action of the 
adrenal cortex in protein catabolism apparently is a secondarj’^ one 
and is linked to some other as yet unidentified factor. 

SUMMARY 

The rates of urea formation in nephrectomized and adrenalecto- 
mized-nephrectomized rats previously on low potassium diets have 
been investigated as measures of nitrogen metabolism. Studies were 
conducted at 18 and 40 hours postoperatively. 

The adrenalectomized-nephrectomized animals formed urea at 
the same rate as did the controls during the first 21 hours postoper- 
atively but generally at a lower rate after 40 hours. 

The adrenalectomized-nephrectomized rats formed urea at the 
same rate after an injection of amino acids as did the control ne- 
phrectomized rats. 

The-adrenalectomized-nephrectomized rats showed no increase in 
urea formation after injection of rat plasma, but did if adrenal cortical 
extract was given 2 and 3 hours before the plasma. The control ne- 
phrectomized rats responded to intravenous plasma injection by a sig- 
nificant increase in urea formation. The latter was prevented if glu- 
cose was given with the plasma. 

• Glucose intravenously had no effect on the rates of urea formation 
in either group of rats at IS hours postoperativel5^ At 40 hours post- 
operatively it caused a significant decrease in urea formation in the 
nephrectomized rats with intact adrenals. 

The data are interpreted to support the view that the action of 
the adrenal cortex in protein metabohsm is at the level of protein 
break down itself rather than at the level of deamination of amino 
acids, regardless of whether this be a direct or an indirect action of 
the hormone. 
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NOTES AND COMMENTS 


THE THYROXINE-LIKE ACTION OF 
TETRABROM-THYRONINE 

Abderhalden and Wertheimer (1928) and Gaddum (1929-30) have 
shown that 3:5:3':5'-tetrabrom-th5wonine, the bromine analogue of thy- 
roxine, raises the metabolic rate of the rat Avhen given in doses of twenty to 
fifty mgms. per kilo. It has now been shown that this substance in doses of 
50 jug. per 100 gm. per day prevented the development of thyroid and pitui- 
tary changes in rats receiving methylthiouracil. The thja-oids showed sub- 
normal activity Avith completely flattened epithelium and colloid storage. 
The pituitary basophils AA'ere normal in appearance and number (8%). 
Tetrabrom-thyronine has, therefore, about one tAventieth the biological ac- 
tivity of DL-thyroxine. As in the case of thyroxine, the amount necessary to 
prevent pituitary and thyroid changes is about one one hundredth of that 
necessary to produce a distinct increase in the metabolic rate. 

T. H. Kennedy, 

W. E. Griesbach. 

From the Thyroid Research Department of the New Zealand Medical Research 
Council, Medical School, University of Otago, Dunedin. N. Z. 
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NEW BOOKS 

, Pregnancy Diagnosis Tests: A Review. By Alfred T. Cowie. Published 
by the Commonwealth Agricultural Bureaux Joint Publication No. 13. 
Shinfield, Reading, Great Britain, 1948. 283 pp. 15s. 

This is a most useful book. The author, of the National Institute for Re- 
search in Dairjdng, has searched the literature on pregnancy tests applica- 
ble to all species and has reviewed it in a most readable and interesting vol- 
ume. Species differences plague the student of reproduction more vexa- 
tiously than in any other field of phj’^siology. A sure-footed survey of the 
comparative aspects of even a part of this field is therefore welcome. 

The various pregnancy tests, and the 3 '^ are legion, have been classed into 
seven main groups. Thej'- are the tests based on: 

1. clinical methods 

2. hormonal investigations of bod 3 '^ fluids 

3. enzymic investigations of body fluids 

4. other biochemical im^estigations of bod 3 '^ fluids 

6. physiological phenomena 

6. immunological phenomena 

7. physical investigations of body fluids. 

These chapters are rounded out by a brief but informative summary and 
conclusions. The bibliograph 3 ’’ contains nearly two thousand titles, and the 
book includes a well designed index. 

Although, as is inevitable; woman receives her lion’s share of attention, 
it is startling to find no mention of her in the chapter on clinical methods. 
It is true that such an omission is justified by the numerous textbooks of 
obstetrics that are available : nevertheless even a short account would have 
completed the section. Except for this one omission, the ph 3 ’-siologist, the 
veterinarian and the physician alike will read the volume with interest and 
profit. 

The Epithelia of Woman’s Reproductive Organs. By George N. Papani- 
colaou, Herbert F. Traut and .\ndrew A. Marchetti. Published b 3 ’' the 

Commonwealth Fund, New York, 1948. vi-}-53 pp. Price $10.00. 

The reproductive C 3 'cle of female mammals is accompanied b 3 ' extensive 
changes in the morpholog 3 '’ and ph 3 ^siolog 5 ’^ of the cells and tissues comprising 
the reproductive organs. The fact that c 3 'clical variations exist has been 
recognized for long periods, but the accurate timing of the reproductive 
C 3 'cle, essential for an 3 ’^ accurate stud 3 ’' of the changes, became possible 
onl 3 " during the last three decades. In 1917, Stockard and Papanicolaou 
recognized that the C3dological stud3' of vaginal smears provided an accurate 
end-point for studies of the reproductive C 3 ’'cle. This discover 3 ' ushered in a 
remarkable series of iin-estigations clarif 3 'ing the temporal sequences of the 
C 3 'cle in a number of mammalian species including man and leading directl 3 ' 
to the further discoveries of the ph 3 ’siological effects and chemical natures of 
the ovarian hormones. 
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Despite the rapid increase in knowledge, the study of human repro- 
duction has lagged l)ehind that of the lower species. To a considerable e.x- 
tent, our concept of the human reproductive cycle represents inferences 
made b}' homolog}'- with the corresponding events as observed in animal ex- 
periments. Detailed information on the human species has been slow forth- 
coming. Studies such as those of Hertig and Rock on early human embryos, 
Papanicolaou on the human vaginal smear and now on the reproductive 
organs are therefore all the more welcome. 

In the introduction, tha authors state that : 

“This monograph is not intended to take the place of a handbook. The 
interpretations given here largely reflect our own views, and some of them 
may be found to conflict with prevailing concepts. In our endeavor we have 
been guided by the desire to stimulate more thought in certain directions 
and to point out the growing importance of the cytologic approach.” 

Their account does indeed do violence to occasional preconceptions, 
especially those based on experiments on lower forms. Some species of mon- 
keys have tough, fibrous adhesions of the ovary, induced by the prevailing 
filarial infections, which apparently do not hinder ovulation in the slightest. 
The present authors, on the contraiy, state that a thick fibrous capsule 
hinders and prevents ovulation. The contents of the uterine lumen and the 
uterine glands may contain copious amounts of glycogen, according to'the 
present stud}'-, but no attention is given to the possibility that this material 
may represent mucus, which spuriously gives many of the cytological reac- 
tions for glycogen. By analogy with the lower animals, mucus should be 
suspected in this location and recent investigations have proved its presence 
there in the human. The question remains, therefore, whether both glycogen 
and mucus occur in the secretions of the glandular lumina, or whether mucus 
alone can account for all of the observations. 

The criticisms above suggest that in their zeal to present the most 
accurate and painstaking record of the cytology of the human reproductive 
tract, perhaps too little attention has been devoted to homologous situa- 
tions. But this is a minor matter — the positive value of the detailed cytolog- 
ical information presented greatl}'- outweighs the minor negative criticisms. 

No review of this book could be complete without mention of the twenty- 
one plates of colored illustrations which document it. Some are semi- 
diagrammatic, representing histological interpretations, some are drawings 
and some are photomicrographs. All are carefully and beautifully printed. 
It is unfortunate that a few of the figures appear to be retouched without 
appropriate mention of the fact, and that plate 16 is mislabeled a photo- 
micrograph when it is actually a drawing. Nevertheless, they represent the 
highest expression of the art of the histologist and the color-printer. 
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HORMONAL EFFECTS ON THE NUCLEIC ACID 
AND PHOSPHOLIPID TURNOVER OF RAT 
LIVER AND THYMUS' 

J. FRAENKEL-C0NRAT2 and CHOH HAO LI 
From the Insliiute of Ex'perimental Biology, 

University of California 
BERKELEY 

Within the last decade pioneer work bj'- Scandina-vdan investiga- 
tors (Caspersson, 1940; Caspersson and Schultz, 1940; Euler and 
Hevesy, 1942; 1944; Andreasen and Ottensen, 1944; 1945; and 
Hevesy, 1946) has correlated the turnover of nucleic acids with the 
rate of growth of certain tissues. Similar findings have also been re- 
ported by Brues and his coworkers (1942; 1944), and bj’’ Marshak 
el al. (1941; 1945), working with isolated nuclei. The work of Claude 
(1943; 1944) has also shown the close connection with growth of 
nucleic acids and phospholipids in several relatively separate com- 
ponents of cj’^toplasm. 

It is well known that hyperthyroid animals possess significant!}'- 
heavier livers than do normal ones, that the administration of adrenal 
steroids and of pituitary adrenocorticotropic hormone causes a 
marked decrease in thymus weight, and that hypophysectomized 
animals do not gain weight whereas the same animals gain more than 
normal growing animals if treated with growth hormone. In view of 
the above findings, experiments were undertaken to ascertain the 
effects of the thyroid and adrenal hormones, and of pure growth 
hormone on the turnover of nucleic acids and phospholipids in the 
liver and thymus of rats. 

EXPERIMENTAL 

Animals 

Group I) Approximately 200 g. female rats which had received stock 
diet containing 1% desiccated thyroid powder (Armour) for one month and 
untreated controls. 

Received for publication .lanuary 3, 1949. 
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Group II) Approximately 90 g. female rats which had received a daily 
subcutaneous injection of a total of (a) 18 mg. 17-dehydrocorticosterone 
(Merck) over a period of 8 days or (b) 25 R. U. Cortical Extract (Upjohn) 
over a period of 11 days, and (c) untreated controls. 

Group III) Approximately 75 g. female hypophysectomized rats which 
had received daily intraperitoneal injections of 0.170 mg. pure growth hor- 
mone per day for 10 daj^s and untreated hj’^poph 3 "sectomized as well as 
normal controls. 

Material 

Radioactive phosphorus (ps^)^ -was administered intraperitoneally as 
inorganic phosphate on an average of 1.5 juc. per 100 g. rat, 2 hours prior to 
sacrifice. 

Procedure 

The animals were anesthetized with ether; a blood sample was taken from 
the inferior vena cava for determination of the specific activitj*^ of free 
plasma phosphate; the liver and thjTOUs were removed, weighed, and 
promptlj'^ immersed in cold saline (0°C.). Tissue samples were weighed on a 
Roller-Smith torsion balance, homogenized in cold 4% trichloroacetic acid 
and separated into phospholipid, nucleic acid, and residual protein phos- 
phorus fractions according to the method of Schneider (1945). Duplicate 
samples were analj’^zed for each liver; whereas the whole thymus was re- 
quired for each analj'sis. Radioactivitj^ was determined with the Geiger- 
Mtiller counter and chemical determination of phosphorus done bj-^ the 
Sumner method (1944). 


RESULTS AND DISCUSSION 

The results are given in terms of specific acti3dty (S. A.) and rela- 
tive activity (R. A.). Specific activity is defined as the ratio of the 
percentage of administered P*- to mg. The relative activity is 
defined as the ratio of the specific actiidty of the fraction in question 
to the specific activity of the free plasma phosphate. The results are 
summarized in Table 1 . 

In the present studies it has been found that the complete cessation 
of growth as brought about bj"- hypophysectomy in a young animal, 
results in a relative decrease in the turnover of nucleic acids and 
phospholipids as compared with unoperated animals. Converselj'', 
treatment with growth hormone has caused a suggestive increased 
turnover of these fractions. Significant responses were elicited in the 
thymus, which increased 74% in weight, compared with its hj’-poph- 
ysectomized control; whereas the responses in the liver, which in- 
creased bj’' onty 30%, were not as great. 

Smaller and less consistent effects were obtained in the studies 
conducted with other hormone. HyperthjToidism which caused en- 
largement of the liver (69% increase) led to an increased turnover of 


’ Kindly supidied by the Riidiation Laboratory, University of California, Berkeley. 
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nucleic acids and phopholipids of the liver and of thymus nucleic acids 
but a decrease in the thymus phospholipid turnover.^ 

Treatment with 17-dehydroeorticosterone, which occasioned a 
slight loss of body weight (6 g.) and more considerable loss in thjonus 
weight (32%) and liver Aveight (18%), did not cause the anticipated 
decrease in either nucleic acid or phospholipid turnoA'^er. Perhaps if 
larger doses of this steroid had been administered, more marked re- 
sponses might have been obtained. 

Cortical Extract in contrast to the cortical steroid, caused an 
increase in body AA^eight (45 g.) and in liA'^er AA^eight (36%), and only 
an insignificant decrease in thymus weight (12%). In the case of both 
liver and thymus a slight increase of nucleic acid and phospholipid 
turnoA'^er occurred. 

Studies in AA’^hich only total nucleic acids are estimated might 
seem of questionable value since desoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) haA'^e such diA’^erse functions. In these pre- 
liminary studies hoAA'eA'^er aa^c have been able to show clear effects 
especially in the thymus of hypoph3’-sectomized animals Avith and 
AAuthout groAAdh hormone. All of these results on total nucleic acid 
turnover are undoubtedly measurements primarilj'^ of RNA, since it 
has been shoAAm that there is about four times as much RNA as DNA 
in tissues (Brues, Tracy and Cohn, 1944; DaAudson and Waj’^mouth, 
1943), and that the turnoA'-er of RNA is always greater than that of 
DNA (Hammarsten and HeA'’es3q 1946). 

SUMMARY 

Hypophysectomy AA'as associated with a decreased turnoA^er of 
both nucleic acids and phospholipids in the rat’s th^mius and of the 
phospholipids in rat liA^er, AAuth less effect on liA’-er nucleic acids. 

GroAAdh hormone administered to hypophysectomized animals 
caused an increased turnoA''er of nucleic acids in the th^'^mus and of 
phospholipids in both liA^er and thymus. 

Thyroid treatment AA-as accompanied by a decreased specific 
activity of both nucleic acids and phospholipids in both Iwer and 
th^TOus, an increased relative actiAuty of the phospholipids of the 
liA’-er but decreased relative actiAuty of the phospholipids of the 
thj’-mus. It caused an increased relatiA'^e actiA’-ity of the nucleic acids 
in both organs. 

Both 17-dehydrocorticosterone and Cortical Extract led only to 
slight changes in the turnover of either substance in both organs. 


^ The great diflerence in magnitude of the values for the S. A. and R. A. of the 
nucleic acids and phospholipids observed in the Iwperthyroid animals vas in agree- 
ment with similar differences observed in the S. A. and R. A. of adenosinetriphosphate 
values observed in previous experiments (D. M. Greenberg, J. Fraenkel-Conrat and 
iM. B. Glendening, unpublished). There difference has been attributed to the dilution 
of injected P’- by a great increase in plasma inorganic P”. 
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an hour later. Data in Table 2 indicate results obtained. Conclusions 
drawn from these data may be summarized as follows: (a) with in- 
crease in concentration of sulfuric acid the color also increases, but 
there is also a parallel color increase in the respective reagent blanks; 
(b)- to avoid a too deeply colored blank 19 N H2SO4 appears to be 
favorable for nearly maximum blue color for DA; (c) heating for 3 
minutes is the most favorable time period, less than that, produces 
much less color with DA and more does not greatly increase the blue 

Table 2. Choice or concentration of sulfuric acid and heating time 
AFTER addition OF THE ACID 


H 2 S 01 

N cone. 

Heat- 

ing 

DA* 

50 jug 

DA 

75 Mg 

DA 

100 Mg 

DA 

Blank 

in min. 

%T* 

%T 

%T 

%T 

%T 

13.22 

3(7) 

943 

90 

85 

81" 

100 

16.00 

3 

93 (92) 

85* (83) 

80 (77) 

' 72" (69) 

98 

16.85 

3 

83 (82) 

70 (08") 

60' (58") 

51' (49") 

96 

17.83 

2 

83 (82') 

72 (71) 

65" (63') 

60 (58) 

97" 

17.83 

3 

79 (79) 

64 (63) 

51 (50) 

43 (42) 

92 

17.83 

4 

76' (76) 

61 (61) 

49 (49) 

42 (42) 

93' 

17.83 

5 

77 (78) 

02 (63) 

49 (49) 

40 (40) 

89 

18.85 

2 

70 (75") 

61 (61) 

50 (49") 

42 (41") 

95" 

18.85 

3 

71 (72) 

52 (53) 

41 (42) 

33 (33") 

90" 

18.85 

4 

75" (76) 

53 (54) 

43 (44) 

35 (35") 

86 

18.85 

5 

73 (74') 

54 (55") 

41" (43') 

34 (35") 

82" 

19.89 

3 

70 (71) 

56 (57) 

39" (40) 

31" (32) 

87 

20.94 

3 

05" (60) 

36" (37) 

28' (28") 

' 86", 88 

21.67 

3 

68 (69) 

51 (51") 

37" (38) 

29" (30) 

79" 

23.14 

3 

05 (65) 

47 (47) 

33 (33) 

27 (27) 

77 


* DA =dehydroisoandrostei'one; T = % transmission in an Evelyn colorimeter with 
filter 660. Columns under % T are first reading and in ( ) readings after an hour. The 

readings are all with the reagent blank, with sulfuric acid of the concentration for a 
given horizontal column, set at 100. The last column is a comparison of the reagent 
blanks against a reagent blank with 13.22 N H 2 SO 4 set at 100. 


color, while the color of the blank is appreciabljr deepened. In sub- 
sequent series of tests employing 19 N H2SO.1 and read against blanks 
without furfural set at 100, the reagent blank readings varied between 
extremes of 88 and 93 with ah average of 90 for 10 seperate deter- 
minations. 

Method adopted for quantitative determination of DA: An 
alcoholic aliquot in a test tube containing DA within the range of 
10-100 jug. is evaporated in a hot water bath and dried over CaCb 
in a vacuum desiccator. To each tube, including blanks, 3.5 cc. of 
60% acetic is added, which is then heated in a boiling water bath to 
bring the tube to the temperature of the bath, then add 1 cc. of 0.9% 
furfural solution, mix, heat in the boiling water bath for 5 minutes. 
Then add 6 cc. of 19 N H2SO4, mix, and heat for 3 minutes in the 
boiling water bath. Cool at once in an ice bath. Transfer to Evelyn 
tubes and read in an Evelyn colorimeter with filter 660 in 30 to 60 
minutes after the final heating. 

No special reagents are required except redistilled furfural. Fur- 
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fural solution was prepared fresh on the day it was used. However, 
furfural solutions kept refrigerated for a number of daj’^s showed no 
greater variations with different aliqouts of DA than did similai' 
aliquots with freshly prepared furfural solutions. Baker’s C.P. glacial 
acetic acid was emploj’-ed for preparation of 60% acetic acid (60 cc. 
of glacial acetic and 40 cc. of distilled water). Baker’s C.P. H2SO4 was 
used to prepare 19 N solution of the acid (50-50 by volume with 
distilled water, with subsequent adjustment to make the solution 19 
N within O.IN) . 

Spectrophotometric adsorption curve: The adsorption curve of 
the color produced with DA by the indicated procedure was detei> 
mined with a Beckmann spectrophotometer over the range of 325 to 
900 mg. With density plotted as ordinate for the mean of 2 deter- 
minations with 100 gg. DA, against the wave length in mg. employed 
as abscissa, 2 maxima occur, one at 656 mg. and the other, much lower 
value, at 370 mg. There is also a slight plateau on the ascending curve 
from 610-620 mg. Thus, photometricallj’’ the highest color value is 
obtained at 656 mg., which confirms the optimum value obtained vdth 
filter 660 in the Eveljm colorimeter. 

In subsequent data the 660 filter was employed with the Eveljm 
colorimeter and evaluations were made on the basis of the values of 
standard solutions of DA determined along with, unknowns. All 
standards and unknowns were made up in absolute alcohol solution 
and suitable aliquots were evaporated to dryness in a hot water bath 
and dried further over CaCh in vacuo, followed by the procedure 
indicated above. 

Method of calculation of DA in specimens: Calculations were 
made on the basis of the mean color densitj’’ per gg. of DA. A reagent 
blank served as control in case of pure solutions. In case of aliquot 
of unknowns a specimen blank and a reagent blank were obtained 
against a zero blank, i.e., a blank containing water in place of fur- 
fural, to make proper allowance for the non-specific colors in the un- 
known and in the reagent blank. Thus, for the determination of DA 
in an unknown, the following set of tubes is emplojmd: (1) zero blank, 
reagents with water in place of furfural, read ultimatelj’’ at 100 with 
filter 660 in the Eveljm Colorimeter; (2) reagent blank, for non 
specific color value of reagents with furfural; (3) a series of tubes 
with DA within the limits of 10-75 gg.; (4) an aliquot of unknown 
without furfural, for the non specific color in the unknown ; and (5) 
an aliquot of unknown, as in tube (4), with furfural. The net color 
densitj" for the standard DA tubes is obtained bj^ .subtraction of the 
value in (2) from that in each of the tubes in (3). Dividing the result 
by the gg. employed gives the density per gg. of DA. The mean value 
for the series of standards is then calculated. The net color densitj' 
value for the unknown is obtained bj' subtracting the sum of den- 
sities in (2) and (4) from the value in (5). Dividing this value by the 
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mean color density per /xg. of DA then gives the ng. of DA in the ali- 
quot of the unkno\Yn. Since the specimen blank is usually small, pro- 
cedure and calculations maj'’ be simplified in most cases by omitting 
the zero blank and the specimen blank and setting the reagent blank 
at 100 on the galvanometer scale. This introduces but a small error 
in most cases. 

Table 3 presents data obtained with many determinations of 
aliquots of DA ranging from 10-150 jug. The weighted mean density 
value is calculated in accordance with the density and number of 
determinations employed for each of the various aliquots. A curve 
plotted on the basis of the calculated density values for .-the range 
10-100 jug. DA (column 4, Table 3) and employed for placing mean 

Table 3. Dehydroisoandbosterone (DA) density values of range 10-150 ng. 


DA 

Observed density 
mean value 

Density per 
lig. XIO^ 

Density 

calculated 

10 

0.0530 (3) 

530 

0.0492 

15 

0.0744 (4) 

496 - 

0.0738 

20 

0.1001 (3) 

500.5 

0.0984 

25 

0.1288(12) 

515 

0.1231 

50 

0.2480 (11) 

496 

0.2461 

65 

0.3470 (1) 

533.8 

0.3199 

75 

0.3584 (9) 

477.9 

0.3692 

90 

. 0.4690 (1) 

421.1 

0.4430 

100 

0.4580 (12) 

458 

0.4922 

125 

0.5270 (3) 

421.4 

— 

150 

0.6580 (1) 

438.7 

— 


Weighted mean density 492.2 (10-100 jug.) 


The number in ( ) in the second column indicates the number of determinations 

employed. Density = 2 —log • G, where G is the galvanometer reading with the reagent 
blank set at 100 and read with filter 660 in an Evelyn colorimeter. 

values of indiwdual determinations (column 2, Table 3) and other 
single determinations of DA indicated that points for 10 to about 70 
jug. of DA lie close to the straight line curve, but points for values 
above this range deviate more and more and fall below the line. Thus, 
the color is reasonably valid for measurements in the range of 10-70 
jug. of DA. However, since small variations do occur, even though all 
conditions are strictly adhered to, a set of standards has been used 
with all determinations, instead of relying in a general calibration 
curve. 

Determination of DA in presence of androsterone : Solutions of 
mixtures of these 2 steroids in various ratios and absolute amounts 
were estimated for DA values by the procedure as indicated. Table 
4 indicates the results obtained. It may be noted that the values tend 
to be low when large aliquots are mixed with androsterone, but large 
aliquots should be avoided in any case. 

Specificity of the reaction with steroids of various types: A com- 
parison of 100 jug. aliquots of substances which produced a positive 
color is indicated in Table 5. All of the steroids tested may be con- 
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Table 4. Determination of dehtdroisoandrosteronb (DA) in 

THE presence OF ANDROSTERONB (A) 


DA. 

A 

Mg- 

Ratio 

DA/A 

Observed 

density* 

Observed density 

Density of DA 

25 



0.1308 

1.00 

26 

37.5 

0.67 

0.1367 

1.04 

25 

50 

0.5 

0.1235 

0.945 

25 

100 

1 

0.25 

0.1295 

1 

0.99 

50 



0.2347 

1.00 - 

50 

25 


0.2339 

0.995 

50 

50 


0.2366 

1.01 

50 

75 


0.2518 

1.07 

50 

100 


0.2666 

1.13 

100 



0.4800 

1.00 

100 

25 

4.0 

0.4395 

0.915 

100 

50 

2.0 

0.4545 

0.945 

100 

100 

1.0 

0.4255 

0.885 


* Density =2— log- G, where G is the reading of the galvanometer. All readings 
were made with the reagent blank set at 100 with filter 660 in an Evelyn colorimeter. 


veniently grouped according to general structure and carbon content. 
These substances were all tested in 100 Mg- aliquots, and in some in- 
stances in amounts up to 1 and 5 mg. Except tvhere followed by a 
(+) thej’’ were all similar to the reagent blank. Androstane type, 
C19; androsterone, isoandrosterone (+), androstanediol-3/3, 17a;, 
androstenediol-A®-3^, 17a (+), 17-methyl-androstanediol-3/3, 17a 
(-f), 17-methjd-A®-3^, 17a -androstanediol (-f), 17-ethyl-A®-3|8, 17a 
-androstenediol (+), androstenedione, dehydroisoandrosterone (+), 
dehydroisoandrosterone acetate (color value equal to the steroid 
content unesterified), testosterone, cis-testosterone (-f), testosterone 
propionate, methyl testosterone, ethinyl testosterone. Estrane type, 
Cisi estrone, a-estradiol, a-estradiol benzoate, a-estradiol dipropion- 
ate, ethinyl-a-estradiol. Csi tjqie: progesterone, desoxycorticosterone 
acetate, pregnenolone (+), Csr type, bile acids: cholic acid (-f), 
desoxj’^cholic acid, lithocholic acid, 3, 12-dihydrox5'^-7-ketocholanic 


T.able 5. Positive color and density obtained with various steroids 


Substance 

Color 1 

Color 

densitj-* 

Cholic acid 

blue 

0.2596 

Dolly droisoandrost eronc 

blue 

0.4140 

Androst cnediol-ji‘,3/?, 1 7a 

blue, purplish tint 

0.4090 

Pregnenolone 

blue with green tint 

0.2360 

Isoandrosterone 

faintlv blue 

0.0593 

Cis-testosterone 1 

blue, dark hue 

0.0809 

17-mcthvl-A‘-androstcnediol-3/3,17a 

purplish tint 

0.0731 

17-ethvl-A®-androstcncdiol-3p,17a 

purplish-pink 

0.1065 

1 7-mef hyl-androst ancdiol-3/3, i 7a 

faintl}’ blue 

0.0302 


* Density =2— log - G, where G is the galvanometer reading. All density values are 
the mean of 2 determinations with 100 ng. of substance. Readings were made with the 
reagent, blank set at 100 and with filter 660. 
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Table 6. Estimation op dehydhoisoandrosterone in a 

VARIETY OP URINARY EXTRACTS 


Specimen 

Aliquot 

used 

cc. 

DA found 
in aliquot 
Bg. . 

Da found* 
per cc. 
mg. 

Da found 
in total 
specimen 
mg. 

j3 Fraction, pooled, volume 10 cc. 

0.10 

0.15 

33.20 

47.41 

0.332 

0.316 


5/3, volume 5 cc., dilution 1-3 

0.05 

0.10 

36.59 

72.69 

2.195 

2.181 

10.977 

10.904 

B-1126, before fractionation, vol. 10 cc. 
diln. 1-10 

0.10 

0.20 

10.21 

20.97 

1 .021 
1.049 

10.210 

10.485 

S-, pooled /3 fractions, dilution 1-25 

0.10 

0.20 

31.84 

70.08 

7.96 
8.76 . 


B-749, before fractionation, vol. 10 cc., 
diln. 1-10 

0.05 

0.10 

59.29 

102.9 

■ 

11.858 

10.29 

118.58 

102.9 


* DA = dehydroisoandrosterone, calculated on the basis of a zero blank and with a 
set of pure DA solutions as standards. 


acid, 3, 7-dihydroxy-12-ketocholanic acid, 3, 6 -diketo cholanic acid, 
3, 12-diketo cholanic acid, 3-keto-6-hydroxy-cholanic acid, 3, 7-diketo 
cholanic acid, 3-hydroxy-7, 12-diketo cholanic acid. C 27 : cholesterol. . 
. . . Some of the substances other than those indicated by ( +) pro- 
duce a slight yellow color when aliquots above 500 fig. and up to 2 
mg. are employed. In case of cholesterol with 1 and 2 mg. aliquots 
the % transmission was 96 and 94, respectively, with filter 620. 

Estimation of DA in urinary extracts ; Examples are presented in 

Table 7. Recovery op DA added to various urinary extracts 


Specimen* 

Aliquot 

used 

cc. 

DA 

added 

Mg- 

DA 

found - 
Mg- 

DA recovered 

Mg- 

% 

Before fraclionalion 
B-1126, 10 cc. 
dilution 1-10 

0.20 

0.20 

25 

20.97 

46.38 

25.41 

101.6 

B-1149, 10 cc. 
dilution 1-10 

0.20 

0.20 

25 

25.37 

49.74 

24.37 

97.5 

Kelonc fractions 

B-569, 5 cc. 
dilution 1-25 

0.10 

0.10 

25 

40.57 

66.48 

25.91 

103.6 

E-, pooled 
(deep red color) 

0.10 

0.10 

25 

19.61 

43.08 

23.47 

93.9 

/3 fractions 

11/3, 5 cc. 
dilution 1-3 

0.10 

0.10 

25 

69.21 

93.99, 

24.78 

99.1 

17/3, 5 cc. 
dilution 1-3 

0.10 

0.10 

25 

55.63 

82.79 

27.16 

108.6 


* The specimens arc urine extracts from adrenal tumor cases. DA = dehydroisoan- 
drosterone. 
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Table 6. The values obtained with different aliquots check quite well 
in the first 3 examples, but in the last 2 examples they are not so 
satisfactory. In the last example, however, the lower value was to 
be expected on the basis of the high content in the larger aliquot. 

Recovery of DA added to urinary extracts: Data are presented in 
Table 7. Two examples are given for each of 3 types of extracts, (a) 
neutral steroids before fractionation, (b) ketone fractions of neutral 
steroids, (c) beta fractions of digitonin fractionations of ketone- 
fractions. The specimens emplo 5 '^ed are urine extracts from adrenal 
tumor cases. 


Table 8. Comparison of various methods for the deterxiination of 

DEHYDROISOANDROSTERONE IN /3 FRACTIONS 


Methodf 

Specimens* 

A 

mg. DA 

B 

mg. DA 

C 

mg. DA 

D 

mg. DA 

E 

mg. D.A. 

F 

mg. D.\ 

1 

11.289 

12.238 

12.505 

12.421 

7.913 

9.404 

2 

11.325 

12.390 

12.0 

12.0 

11 ..325 

12.15 

3 

10.70 

11.140 

10.615 

11 .35 

7.465 

9.20 

4 

11.232 

10.997 

12.192 

11.853 

8.35 

9.408 


* The specimens represent pairs of digitonin fractionations of ketone fractions from 
urinary extracts of 3 adrenal tumor cases. The duplicate pairs are A and B, C and D, 
and E and F, each represents J of the total ketone fraction of a 24 hr. urine extract. 
A part of specirhen E was lost in the manipulation. 

t Method, Holthorff and Koch’s adaptation (1940) of Zimmermann’s method for 
ketostcroids (1935) slightly modified by the author (1943); method 2 is the method of 
Pincus (1943) employing SbCU as the color reagent; method 3 is specific for dehydroiso- 
androsterone, developed by the author (1948); method 4 is the present method. 


Comparison of various methods for the determination of DA in 
beta fractions: Results are indicated in Table 8 for DA determined in 
urinary extracts by 4 different methods. Onl}'^ beta fractions could 
be employed, since' the other methods could be applied only to such 
fractions for direct comparison. 


DISCUSSION 

The data here presented have indicated that estimation of pure 
DA can be done with reasonable precision by this modified Petten- 
kofer reaction. Further, the presence of androsterone does not inter- 
fere appreciablj’- in this estimation withm the working range of the 
method. In applying the procedure to urinary extracts added DA is 
nearly completelj’’ recovered from such extracts, whether thej’^ be un- 
fractionated, ketone fraction or /3 fraction. Finally, comparison of 
determination of DA in fractions of urinary extracts bj' this procedure 
with several other methods indicates reasonablj’- close agreement. 
The method maj', therefore, be employed for reasonabl 3 ’' precise 
determinations of DA in urinary fractions. It maj^ also be used in 
preliminarj’^ analj'ses of unfractionated and ketone fractionated ex- 
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tracts. Munson ei al? (1948) have developed the analysis for DA, 
based on the Pettenkofer reaction. Results obtained by the method 
here presented appear to be similar qualitatively and quantitatively, 
but this method has the advantage of being simpler in technic. 

While analyses for DA in pure solutions' and in various urinary 
extracts seem reasonably satisfactory, comparison with other steroids 
indicates that the specificity is far from being unique for DA. The 
data presented here on specificity is in substantial agreement with 
the interpretations of Munson ei al. (1948) and with the data of Kerr 
and Hoehn (1944). Certain structural features of the steroid nucleus 
appear to be required for a positive reaction. The most important 
features appear to be A® unsaturation, along with color enhancing, 
/3-directed -OH (or other univalent group) in Cs position. Good ex- 
amples are DA; A'^-androstenediol-S/S, ITa; A®-pregnenol-3i3-one-20; 
and 3-hydroxy-A®-cholenic acid (lithocholenic acid). Saturation on 
Cs, as in isoandrosterone, greatly reduces the color, while a simul- 
taneous saturation on Cs and I’eversal of the -OH on Cs, as in andros- 
terone, abolishes the color completely. Retention of unsaturation on 
Cs and removal of the functional group on Cs, as in A‘*'®-androstanedi- 
one-17, reduces the color only in a small degree. However, certain 
anomalies appear. Thus, cholesterol, which has the above specified 
specific conditions gives no color, and cholic acid, in which the spe- 
cific conditions are absent gives the color. Substitution of hydrogen 
on Cl 7 is also of some significance, since alkyl substitution greatly 
diminishes the chromogenicity. Oxidation of secondary alcohol 
groups in cholic acid and chenodesoxycholic acid to the corresponding 
dehydro acids also abolishes the color, indicating importance of 
structural features of the steroid nucleus other than on Carbons 3, 5 
and 17. 

It was hoped that this colorimetric method might be sufficiently 
specific so that )3 fractionation or even ketone fractionation might be 
unnecessary. This hope, however, is not realized, for a fractions of 
specimens hitherto tested all contained more or less chromogenic 
substance qualitatively the same as for DA, and in some unfraction- 
ated urine extracts the color equivalent, calculated as DA,' repre- 
sented a larger amount of DA for the total specimen than was found 
by the Zimmermann technic in the same specimens calculated as 
androsterone (A). Obviously, in the unfractionated specimen sub- 
stances other than DA or A are indicated by this procedure. Likewise 
in the a fraction, hence also in the ketone fraction prior to digitonin 
fractionation, substances other than DA are also indicated. In the 
|3 fraction, as has been shown, determination of DA in various speci- 
mens by comparative methods indicated nearly identical results by 


^ This report first came to the author’s attention when the work here presented 
was virtually completed. 
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4 different methods. Nevertheless, even here substances similar to 
DA chromogenically cannot be entirelj'^ excluded. 

Finally, these various specificity aspects may be of use in indiact- 
ing or excluding the presence of substances which possess structural 
features chromogenicallj’’ faAmrable in this reaction. 

SUMMARY 

A colorimetric method has been developed for the quantitative 
estimation of dehj’-droisoandrosterone, applicable to pure solutions 
and to urinary neutral steroid extracts. 

The method is based on a modified Pettenkofer technic, emplojdng 
a boiling water bath as source of heating, an acetic acid solution with 
addition of furfural for the initial reaction, and addition of sulfuric 
acid for the final color development. 

Specificity is discussed on the basis of tests on a variety of differ- 
ent tj’pes of steroids as reported here and as indicated in reports else- 
where. Specificity is not unique for dehj’-droisoandrosterone. In 
general, ii is indicative of |3 OH on Ca and unsaturation on Cs, but 
is not conclusive. 

Application of the method to quantitative estimation of dehydro- 
isoandrosterone in fractions of urinary extracts is reasonably satis- 
factory. Limitations of the application to unfractionated specimens 
or ketone fractions are discussed. Use of the method to indicate 
presence or absence of substances with favorable chromogenic struc- 
tural features is suggested. 
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THE RELATIVE GROWTH OF THE THYROID 
GLAND IN THE BOVINE FETUS^ 

C. W. NICHOLS, Jr., I. L. CHAIKOFF, and J. W0LFF=_ 

Frovi the Division of Physiology of the University of. 

California Medical School 

BERKELEY 

The nature of thyroid iodine in the postnatal state is fairly well 
understood. At least 90 per cent of it is organic and almost all of this 
can be accounted for by two fractions: thyroxine-like and diiodoty- 
rosine-like iodine.^ These two compounds do not exist in the free state 
in the gland but are combined there with other amino acids to form 
the characteristic thyroid protein, thyroglobulin. 

The nature of the iodine in the fetal organism has not been clearly 
established. To obtain such information, a study of various iodine 
fractions of the bovine fetal thyroid was undertaken. Data on that 
phase of the study will be presented in the following paper. The 
material acquired during these experiments also provided an op- 
portunity for studying the growth of the gland in relation to body 
weight, body length, and age of the bovine fetus from 62 days to term 
(278-285 days depending upon breed). The present paper is con- 
cerned with this phase of the study. 

EXPERIMENTAL 

. Intact uteri of pregnant beef ivere collected randomly at abattoirs 
at the time of slaughter. The embryos and fetuses were weighed and 
measured immediatel}'" after the umbical cord was tied off, at the fetal 
level. The thyroids were then removed, freed of extraneous con- 
nective tissue and fat, and weighed. A small portion was fixed in 
Bouin’s solution for histological examination. 

The fetuses were coellcted from random herds. Breeding or stock 
histories were not available. The present series comprises a total 
of 121 bovine fetuses obtained from dams chiefly of the Hereford 
breed (97 specimens). Four fetuses were obtained from Guernsey, 
15 from Holstein, and five from Jersey breeds. Since the slopes of 
curves relating thjToid weight to body weight did not differ for the 
two sexes, no distinction was made between male and female fetuses. 

Received for publication January 31, 1949. 
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’ Monoiodotyrosine has recently been found in the thjToid gland by Fink el at. 
(1948) and by Taurog et al. (1949). 
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RESULTS 

In order to determine fetal ages, we emploj’-ed the data of Winters 
el al. (1942) who measured body dimensions of fetal calves of known 
ages. In the present study, the age of each fetus was taken as the 
average of ages derived from the following four measurements : body 
weight, crown-rump (C.R.) length, chest circumference, and abdom- 
inal circumference. These were determined by methods pre^dously 
described (Nichols, 1944). 

The ages of the fetuses ranged from 62 days to term. In table 1, 
they have been grouped with respect to arbitrarily selected age 
ranges and the body measurements have been recorded for each 
range. 



Fig. 1. Double-logarithmic plot of fetal thj'roid weight against body weight. 

When thj'-roid weights were plotted on a double logarithmic grid 
against total body weight (fig. 1), C. R. length (fig. 2), and calculated 
age (fig. 3), straight-line curves were obtained. 

The data shown in figs. 1-3 Avere therefore fitted to the simple 
allometry equation of Huxley (1932); 

y = ( 1 ) 

where y = thyroid weight expressed in mg. 

X =body Aveight expressed in gm. (fig. 1), or C.R. length in 
mm. (fig. 2), or age in days (fig. 3). 
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Fig. 2. Double-logarithmic plot of fetal thyroid weight against crown-rump length. 



Fig. 3. Double-logarithmic plot of fetal thyroid weight against calculated ago. 
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h (the initial growth index of Reeve and Huxley, 1945) 

= a constant that indicates the value of y when x is 1, i.e., 
a scale factor. 

k =the allometric growth constant. 

Relation to Body Weight 

In the case of Hg. 1, equation (1) becomes 

y = 0.25a;' (2) 

Equation (2) is valid from approximately 40 to 10,000 gm, body 
weight and from 11 to 3000 mg. thyroid weight. 

The relative growth constant of the fetal thyroid with respect to 
body weight is 1.0. This indicates that during prenatal life, thyroid 
w^eight is almost directly proportional to body weight. 

It is of interest to note that our value for k, namely 1.0, which is 
based on 121 measurements, is in good agreement wdth values re- 
ported[earlier by Abeloos (194G) for calf fetuses (0.95), and by Schultze 
and Turner (1945) for fetal goat thyroids (0.98). Brody and Kibler 
(1941), furthermore, found a value of 0.924 for the relation of thyroid 
weight to body weight in a large variety of mature mammals. 

Relation to Body Length 

The expression for the curve showm in fig. 2 (thyroid weight 
plotted against C.R. length) is 

y = (4.6T0-'>).'i:5' (3) 

The validity of this formula extends from 100 to 600 mm. C.R. length 
and from 10 to 4000 mg. thyroid weight. 

Relation to Age 

The curve representing thyroid growth in relation to age is shown 
in fig. 3. The following formula was found to fit the observed data: 

y = (2.3-10-'').r6-2 (4) 

This formula holds from 60 to 200 days of age with a corresponding 
thyroid weight range of from 2.7 to 4800 mg. Beyond 200 da^^’s of age 
there was considerable spread in the data. 

The manner in which the values for the constants k and h were 
derived is shown below for fig. 3. 

Let .Ti =60 daj^s and .T 2 = 200 days; then yi (thyroid weight) =2.7 
mg. and 7/2=4800 mg. 

Therefore, 
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^ _ login 1/2 - logio 2/1 
logic -T 2 — logic •'Cl 
_ logic 4800 — logic 2.7 
logic 200 — logic 60 

= 6 . 2 . 

The value for b was calculated from the expression log b =\ogyo — h 
log Xo, where ?/c (organ weight) and Xo (age in days) are values on the 
plot of thyroid weight against age from approximately 62 to 200 days. 
For example, at 200 daj'^s : 

logic b = logic I/O — k logic .-Co 

= logic 4800 — 6.2 logic 200 
= 2.3 X 10-“ 


Percentage Growth Rate 

The percentage growth rate of an organ can be obtained from the 
expression 

d (organ weight)/d (age) 
organ weight 

Emplojung the above notation, this expression becomes 

dy/dx 


y 

If the absolute rate of growth of the thyroid gland is dy/dx, then 


Therefore 


d d 

— (y) = 

dx dx 

= hx'^ihx-^). 
dy k 

= y— 

dx X 


and 

dy/dx k 

y X 

For example, in the calf at the age of 75 days, [{dy/dx//y] = {k/x) 
= (6.2/75) =0.083. Therefore, the rate of growth of the fetal calf 
thyroid at 75 days is S.3 per cent per daj’-, i.e., per cent of its weight 
at this age. 
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Fig. 4 shows that the percentage growth rate declines steadilj^ 
with increasing age. Thus, at 60 days, the percentage growth rate 
(instantaneous relative growth rate X 100) is 10.2 per cent per day; 
at 220 days, approximately 2.8 per cent per day. Such a decline has 
also been demonstrated by Lowrey (1911) for the fetal pig thyroid 
and by Fenger (1913) for the fetal calf thyroid. The curve in fig. 4 



Fig. 4. Plot of percentage growth rate of the fetal thyroid against age. 

resembles that obtained by Brody (1941) for the percentage growth 
of the thyroid in the postnatal state. 

SUMMARY 

The growth of the th^uoid gland, in relation to body weight, body 
length, and age, in the bovine fetus from 62 days to term Avas investi- 
gated. Fetal age Avas calculated from the folloAAdng four parameters: 
body AA^eight, crown-rump length, chest circumference, and abdominal 
circumference. 

The simple allometry equation y = AA'^as found to fit the data for 
the groAvth of the thyroid in relation to body AA^eight, body length, 
and age. The relatiA'-e groAAdh constant (/c) for thyroid weight against 
body Aveight AA^as found to be 1.0. This indicates that thyroid AA^eight 
in the fetus is nearly directly proportional to body AA^eight Avithin the 
Hmits of the empirical formula. 

Percentage groAAdh rates AA^ere calculated and found to decrease 
AAnth increasing age. 
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THE ACCUMULATION OF THYROXINE-LIKE 
AND OTHER IODINE COMPOUNDS IN THE 
FETAL BOVINE THYROID' 

J. WOLFF, 2 I. L. CHAIKOFF, A^Y C. W. NICHOLS, Jr. 

From the Division of Physiology of the University of 
California Medical School 

BERKELEY 

The allometric constant (k in the equation for thyroid 

weight as a function of body weight in the fetal calf was shown to be 
1.0. This indicates that the growth of the thyroid gland in the fetal 
calf is almost directly proportional to body weight. Although the 
above formula Avas originally used in connection AAuth 'morphological 
dimensions, it has been AA'idely applied to chemical magnitudes by 
Needham (1942) AA^ho has termed such studies chemical heterogeny. 
Thus, in the allometric equation y becomes the chemical 

entity and x the morphological magnitude (body AA^eight, croAAm-rump 
(C.R.) length, or age in days). 

In the present investigation, the accumulation of tAAm chemical . - 
fractions, thyroxine-like and non-thyroxine iodine, AA^as observed in 
the fetal calf thyroid from 53 days to term. The amounts found AA^ere 
correlated Avith body Aveight, C.R. length, and age of the fetus. The 
results obtained shoAA' that the accumulation of both iodine fractions 
in the fetal calf thyroid is related to the groAAdh parameters (body 
AA’eight and C.R. length) in a manner similar to that of the groAAdh of 
the gland itself. 

EXPERIMENTAL 

Fetal calf thyroids AA^ere collected as described in the preceding 
paper. A total of 96 thyroids AA'as obtained from fetuses ranging in 
age from 53 days to term. Fifty-fiA'-e AA^ere males and 41, females. The 
dams AA^ere of the folloAAung breeds: Hereford, 82; Guernsey, 2; Hol- 
stein, 9; and Jersey, 3. 

The thyroids AA^ere excised from the fetuses approximately one 
hour after death of the mothers. Representative portions of most of 
the glands AA’ere hydrolyzed on a steam bath for 12 hours in 2N NaOH 
(20 ml. per gm. AA^et AA'eight). A suitable aliquot of the hydrolysate Avas 
analyzed for thyroxine-like and non-thyroxine iodine according to the 
method of Taurog and Chaikoff (1946). 
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In those cases in ■which organic and inorganic iodine 'were sep- 
arated, the glands were homogenized in an all-glass apparatus with 
cold 10 per cent trichloroacetic acid (10 ml. per gram). The precipitate 
obtained after centrifugation was washed twice with cold five per 
cent trichloroacetic acid. The supernatants, which contained all of 
the inorganic fraction, were combined and analyzed as previousl 3 ’’ 
described (Taurog and Chaikoff, 1946b). The trichloroacetic acid 
soluble (organic) fraction was hydrolj'-zed in 2N NaOH, and treated 
as described in the preceding paragraph. 

RESULTS 

Thyroid iodine of 16 fetuses was separated into trichloroacetic 
acid-soluble and trichloroacetic acid-precipitable iodine. The results 
are recorded in table 1. The trichloroacetic acid-soluble fraction con- 
stituted, as a rule, 11 per cent or less of the total iodine. In only one 
case was a value above 11 per cent found. It is evident, therefore. 


Table 1. The obganic and inorganic fractions op fetal calf thyroids 


Calculated 

fetal 

age 

1 

. Thyroid 

weight 

1 Iodine 

Organic 

i 

Inorganic 

Inorganic as 
per cent of 
total iodine 

days 

mg. 

gamma 

gamma 


64 

1 

0.94 

0.10 

9.6 

68 

9 

1.2 

0.22 

18.5 

75 

9 

0.84 

0.10 

10.6 

78 

17 


0.08 

7.6 

80 

IS 

3.4 

0.34 

9.1 

85 

24 

0.98 

0.08 

7.5 

107 

133 

14.6 

0.24 

1 .6 

108 

111 

17.0 

0.21 

1.2 

120 

255 

25.4 

2.6 

9.3 

125 

345 

55.2 

2.2 

5.9 

143 

895 

129 

12.1 

8.5 

154 

1.1310’ 

120 

14.6 

10.8 

168 

2.37-10’ 

424 

33.9 

i 7.4 

172 

2.63-10’ 

360 

34.2 

8.6 

198 

4.32-10’ 

2.54 10’ 

198 

1 7.2 

252 

8.00-10’ 

2.59-10’ 

76.5 

2.8 


T.able 2. Nature of thyroid iodine of the adult bovine 
(.\11 females approximately 0 years old) 


Thyroid 

weight 

Iodine Contents 

Organic 

Inorganic 

Inorganic as 
per cent of 
total iodine 

gm. 

mg. 

gamma 


16.2 

25.9 

450 

1.7 

17.0 

14.9 

259 

1.7 

14.0 

15.3 

305 

1.5 

IS.O 

34.1 

345 

1.0 
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that the major proportion of thyroid iodine in the fetus is organic. 
The values obtained by trichloroacetic acid separation of the adult 
bovine thyroid are shown in table 2. 

The iodine values for thyroxine and non-thyroxine in the fetal 
thyroids have been arbitrarily grouped in table 3 according to the 
calculated ages of the fetuses. The values for the new-born calf are 
recorded in table 4. 

Table 4. Nature or thyroid iodine op new-born calves 
(All males) 


Thyroid 

weight 

1 

Iodine contents 

Total 

iodine 

Thyroxine-like 

iodine 

Non-thyroxine 

iodine 

gm. 

mg. 

mg. 

mg. 

6.95 

6.76 

2.08 

4.68 

7.21 

8.48 

2.40 

6.08 

2.63 

3.16 

0.93 

2.23 

4.51 

6.42 

1.60 

4.82 

4.00 

4.42 

1.04 

3.38 
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Despite eonsiderable variation in the individual values for each 
age group, the means show that the iodine content of the fetal thyroid 
increases steadily with increasing body weight, C.R. length, and cal- 
culated age (table 3). 

The average values for thyroxine-like and non-thyroxine iodine 
are plotted against calculated age in fig. 1. The curves suggest an ex- 



BODY WEIGHT (GRAMS) 

Fig. 2. Double-logarithmic plot of fetal thyroid iodine against body weight, 

ponential relation between these iodine fractions and the age param- 
eter. The chemical entities (thyroxine-like, non-thyroxine iodine) 
were therefore plotted against body weight, C.R. length, and age 
(figs. 2-4) on a double logarithmic grid. The ' straight-line curves 
obtained were subjected to analysis by application of the allometry 
equation of Huxley (1932), y =hx’^. 

Relation to Body Weight 

The equation for thyroxine-like iodine as a function of body 
weight (fig. 2) is 
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yi = (1.2-10-»).t'-'‘ (1) 

^Yhe^e yi - thyroxine-like iodine in gamma. 

X ==body weight in gm. 

-The constants b (1.2- 10“^) and h (1.4) were derived as described in 
the preceding paper. 

Likewise, the equation for non-thyroxine iodine against body 
weight shown in fig. 2 is 

2/2 = (3.1 -lO-')!! * ' (2) 

where yi = non-thyroxine iodine in gamma, 
x =body weight in gm. 

These formulae are valid for a body weight range from 50 gm. to 
20 kg. 

The constants expressing the “growth” of the chemical entities 
(1.4 for thyroxine-like iodine; 1.3 for non-thyroxine iodine) indicate 
that thyroxine-like and non-thyroxine iodine increase at approxi- 
mately the same rate in the growing calf fetus. 



Fig. 3. Double-logarithmic plot of fetal thyroid iodine against crown-rump length. 
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Grown-Rump Length Relations 

The curves for thyroxine-like and non-thyroxine iodine plotted 
against C.R. length are shown in fig. 3. The following equation fits 
the data for thyroxine-like iodine against C.R. length: 

2/1 = (3) 

in Avhich x = C.R. length in mm. 

yi = thyroxine-like iodine in gamma. 

The formula for non-thyroxine iodine plotted against C.R. length 
is 

2/2 = (4) 

The above expressions are valid for C.R. lengths extending from 
100 to 800 mm. 

A comparison of the two equations (where k is 4.1 and 4.2, re- 
spectively) indicates that thyroxine-like and non-thyroxine iodine 
increase at about the same proportion in relation to body length. 

Age Relations 

A plot of thyroxine-like and non-thyroxine iodine against age 
yields curves having the following formulae 

2/1 = (5) 

2/2 = ■ ( 6 ) 

where 2/1 and Hi represent thyroxine-like and non-thyroxine iodine, 
respectively, in gamma, and x, the age in days. The validity of the 
formulae for thyroxine-like and non-thyroxine iodine against age 
extend from 60 days to term. 

The amounts of these Wo iodine fractions in the fetal calf thyroid 
increase at approximately the same proportion with increasing fetal 
age. The values for /ci and k<i were 5.4 and 5.3, respectively. 

DISCUSSION 

As the fetus grows, total and thyroxine-like iodine increase 
steadily in the gland, and the rate at which each of these iodine 
fractions accumulates is shown to bear an exponential relation to 
body weight and body length as Avell as to calculated age. The ac- 
cumulation of these two iodine fractions in the fetal gland is not only 
the result of thyroid growth (which, as shown in the previous paper, 
is also exponential) but, in addition, appears to be the result of an 
actual increase in the capacity of th 3 ’-roid tissue to store iodine with 
increasing age. This increasing iodine-storage capacity of thyroid 
tissue, with age, is shown in fig. 5 which shows the concentration of 
iodine fractions in the gland (mg. iodine per 100 gm. of fresh tissue) 
against fetal age. 
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It was previously demonstrated, in 11 vertebrates, including the 
rat, examined under a variety of experimental conditions, that thy- 
roxine iodine, when expressed as a percentage of total iodine of the 
gland, remains fairly constant (Wolff el al., 1947; Taurog et al, 1946c, 
1946d). The values for this percentage ranged from 25 to 32. It there- 
fore became of interest to determine whether a similar relation existed 
in the fetal calf thyroid. 



Fig. 4. Double-logavithmic plot of fetal thyroid iodine against calculated age. 


The parallelism between the two curves shown in each figure (2, 3, 
4, and 5) suggests that in the fetal calf, also, thyroxine iodine com- 
prises a constant proportion of total thyroid iodine. An examination 
of the ratios for indmdual thyroids of fetuses obtained during the 
last third of the period of gestation revealed a constancy in the pro- 
portion of thyroxine-like iodine. to total iodine. Eighteen specimens 
that were 170 days or older were studied, and with the exception of a 
single ratio, all values fell within the range of 24 to 36 per cent. This 
constancy in the proportion of thyroxine iodine to total iodine was 
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first observed Avitb fr.equencj'-, in fetuses older than 120 days. But in 
younger fetuses, the proportion varied considerably, most of the 
values falling below 20 per cent; The deviations from 24-36 per cent 
were equally di^'ided between the sexes and did not appear to be 
related to the absolute amounts of iodine contained in these glands. 

Rankin (1941) investigated the appearance of iodine in the thy- 
roid of the fetal pig, which has a gestation period of 114 days. He 
first found inorganic iodine in the gland between 46 and 50 days of 
age, and organic iodine at 52 days of age. As shown here, thyroxine- 



AGE (doys) AGE (days) 

Fig. 5. Scmi-logarithmic plot of the concentration of fetal thyroid 
iodine against calculated age. 

like iodine appears at an earlier stage of gestation in the fetal calf, 
being first detected at 60 days of age (gestation period, 278-285 daj'^s). 

Although the present investigation clearlj'- demonstrates that 
thjwoxine-like and non-thju’oxine iodine increase proportionately with 
increasing fetal size and age, it provides no information on the nature 
of the iodine taken up b}’’ the fetal thyroid gland. It is unlikely that 
the iodine was taken up in the form of thyroxine or diiodotyrosine 
(Leblond, 1942). The iodine probably enters the fetal gland in the 
inorganic form as it does in the adult. Gorbman and Evans (1943) 
have demonstrated, in the fetal rat, that functional activity of the 
thyroid gland (as judged b}'^ its capacity to concentrate radioactive 
inorganic iodine) begins at 18-19 days of gestation. Preliminary ex- 
periments with suiAuving slices of fetal calf thyroid have shown that 



June, 1949 


FUNCTION OF FETAL THYROID 


519 


this tissue also has the capacity to concentrate inorganic iodine and 
that this capacity appears at a considerably earlier stage in the de- 
veloping fetal calf than in the rat fetus. 

SUMMARY 

The amount of inorganic, thyroxine-like, and non-thyroxine 
iodine were measured in the bovine fetal th 3 ’’roid from 53 days to 
term. 

Measurable amounts of iodine were first detected in the fetal thj'- 
roid at 60 da^’^s of age. 

The percentages of total iodine present as inorganic were similar 
to those observed in the adult thyroid gland. 

The accumulation of thyroxine-like and non-thyroxine iodine in 
the fetal thyroid is related to each of the following growth parameters : 
body weight, crown-rump length, and calculated age. A straight-line 
relationship was found to exist when these iodine fractions Avere 
plotted against each of the parameters on a double-logarithmic grid. 

The amounts of iodine found in the bovine fetal thyroid with in- 
creasing age Avere greater than could be accounted for by mere in- 
crease in thyroid mass. A progressive increase in the iodine concen- 
trating capacity of fetal thyroid tissue occurred with age. 
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RELATIONSHIPS OF DIET TO THE DURATION 
OF SURVIVAL, BODY WEIGHT AND COM- 
POSITION OF HYPOPHYSECTOMIZED 
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From the Harvard School of Dental Medicine, and the 
Department of Nutrition, Harvard School of Public Health 

BOSTON, MASS. 

Surgical removal of the pituitary gland has been known for 
many years to be compatible with life but investigators using such 
pituitary-less mammals have learned with dismay that this is a 
qualified truth. Animals lacking this gland are at best frail creatures 
with no ability to adapt themselves either to physiological stresses 
nor to environmental vicissitudes. Their survival is possible only 
under controlled laboratory conditions. 

In this laboratory, large numbers of hypoph 3 ''sectomized rats 
have been used for a variety of experimental procedures in which no 
particular attention has been paid to their diet other than to off^r 
them laboratory chow ad libitum. Under these circumstances, it has 
been repeatedly observed that a variable mortality had to be reck- 
oned with in both treated and control groups in experiments lasting 
much beyond 10 days after operation. For example, in one untreated 
group of 13 hypophysectomized young male rats, 10 surHved until 
the 8th post-operative day, and 6 until the 22nd daj'-; in another un- 
treated group of 18 young male hypophysectomized rats, only 8 sur- 
vived until the 30th day. In a third untreated group of 12 male rats, 
7 died before the 15th post-operative day and an additional 4 within 
the next 28 days (Greep and Deane, unpublished data). In striking 
contrast, preliminary observations in this laboratorj'' indicated that 
when hypophysectomized rats -were maintained on purified rations 
adequate in all known nutritional essentials, a high percentage sur- 
^^ved for several weeks, and the general appearance of the animals 
remained quite good. Since many experiments in which hypophy- 
sectomized rats are used would benefit by long periods of survival, 
any experimental regimen on which a high percentage of the operated 
rats could be maintained consistently for several weeks or months 
would be of distinct value. 

Received for publication February 3, 1949. 

' This project was supported in part by the Sugar Research Foundation, Inc., New 
1 ork. We are indebted to Merck & Co., Inc., Rahway, N. J. for crystalline members of 
the vitamin B comple.x used in these studies. 
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This preliminary investigation was designed to test the extent of 
the differences in the percentage survival and in the duration of sur- 
Auval when hypophysectomized male rats were maintained on com- 
mercial laboratory chow and on purified diets. In addition, tests Avere 
made to determine whether some of the more obvious physical and 
chemical differences betiveen laboratory chow pellets and granular 
purified rations Avere responsible for their different effects on the Avell 
being of the hypoph 3 '-sectomized rat. 

EXPERIMENTAL PROCEDURE 

In the first experiment, 46 male albino rats of the Sprague-DaAAtey 
strain, Avhich n^ere 28 daj's of age, AA'ere hypophysectomized by the para- 
pharyngeal approach during one day. Then, the animals AA^ere immediately 
distributed into 5 groups, in such a Avay that the range and average body 
Aveights of the rats in any group Avere almost identical to the respectii'^e values 
in anj' other group. Each rat AA-as placed in a small individual cage AAuth AA'ire 
bottom and supplied AA'ith AA'ater ad libihim bj’^ a freely fioAAung AA^atering 
bottle. One group aa'rs fed a commercial laboratory cIaoaa' ground sufficient^ 
fine to pass readily through a 20-mesh sieve, thereby approximating the 
particle size of the purified rations. This aa'rs deemed necessaiy as a test of 
AA’hether the hard pellets of laboratorj' choAv AA^ere sufficiently difficult for 
lethargic, hypophysectomized rats to nibble and masticate as to reduce their 
food consumption to a sub-optimal amount. Another group was offered the 
same cIaoaa' in its original pellet form. 

The other 3 groups Avere given purified rations, the basic components 
of Avhich are recorded in Table 1. Tliese diets are adequate for the normal 
rat in all knoAvn nutritional essentials. One of these groups received a high 
carbohydrate ration (100) AAdiich had an energy value of about 4.1 calories 


Table 1. Composition of the pubifibd kations fed to 

HA'POPHTSECTOMIZED BATS 


Ration 


100 

100-1-20% 
cellu flour 

150 


gm. 

gm. 

gm. 

Sucrose 

67 

67 

31 

Casein' 

24 

24 

24 

Salts'- 

4 

4 

4 

Corn oil' 

5 

5 

5 

Lard 

— 

— 

16 

Cellu flour' 

— 

20 

— 

Wliole lii’er substance' 

2 

2 

2 

1 :20 liver concentrate powder' 

2 

2 

2 


' Casein — “De-Antaminized” casein (Sheffield Farms, New York, N. Y.) to each 
24 gm. of which has been added 350 ^g. thiamine Ip'drochloride, 350 ng. riboflavin, 
350 Bg. pyrixodine hydrochloride, 2.5 mg. nicotinic acid, 2.0 mg. calcium pantothenate, 
100 mg. choline chloride, 100 mg. inositol and 30 mg. para-aminobenzoic acid. 

■ Corn oil — Mazola to 5 gm. of which has been added 1.1 mg. beta-carotene, 300 I.U. 
irradiated ergostcrol, 0.6 mg. 2-methvH, 4-naphthoquinone and 5.0 mg. alpha-to- 
copherol. 

’ J. Dental Research 26, 47 (1947). 

* Chicago Dietetic Supply House, Chicago, 111. 

* The Wilson Laboratories, Chicago, 111. 



522 


SHAW AND CREEP 


Volume 44 


per gram. A second group Avas giAmn the same ration to Avhich had been 
added 20 per cent Cellu flour as a source of crude, undigestible fiber (100+ 
20 per cent Cellu flour); the energj'- Amlue of this ration Avas about 3.5 
calories per gram, Avdaich closely approximated the energy A^alue of the lab- 
oratory choAA". It has been found that the addition of this amount of, crude 
fiber to purified rations does not appreciably affect its nutritional properties 
AA+en the diet is offered ad libitum. 

As a reAmrse evaluation of any possible energy relationship, the energy 
value of the purified ration per gram Avas increased bj’- the isocaloric replace- 
ment of lard for part of the sucrose. Thus a third group Avas offered ration 
150 in Avhich approximate!}'’ one-half of the carbohydrate had been replaced 
by lard (16 grams of lard substituted for 36 of each 67 grams of sucrose). 
This ration had a caloric A'alue of about 5.1 calories per gram. All diets Avere 
made aA'ailable to the rats ad libitum. 

At the end of 88 days, the 16 surviA'ing animals Avere killed AA'ith chloro- 
form and the Aveights of the adrenal, thj'mus, testes, serninal A'esicles and 
testicular fat bodies determined on a Roller-Smith torsion balance. Ratios 
of Aveights of these organs to body AA'eight Avere calculated as indices of the 
actiA'^ity of the related endocrine systems. The sella turcica of each animal 
AA'as examined for evidence of any remnants of the hypophj'sis. Radiographs 
AA'ere made of the tails of 1) the survivors in experiment 1; 2) 10 rats AAuth 
body Aveights comparable to those of the survivors at the time of hypophy- 
sectomy; and 3) 10 rats Avith body Aveights corresponding to the autopsy 
Aveights of the hypophysectomized rats, From the latter group, the organs 
mentioned above Avere Aveighed. 

The average length of the last 22 caudal A’-ertebrae, the 12th caudal ver- 
tebra and the 12th caudal intervertebral space Avere measured for the sur- 
viAmrs and the controls as tests of AA’hether tail groAvth had occurred. 

In the second experiment, 34 male albino rats of the same strain and age 
AA'ere hypophysectomized on the same day and immediately divided into' 
three similar groups Avhich Avere housed as in the first experiment and fed 
ground choAV, the high carbohydi-ate purified diet (100) and the high fat 
purified diet (150) ad libitum, respectiA'cly. In this case, the food consump- 
tion per rat per day Avas determined for the first 70 da3'S of the experiment. 
On the 112th day, 4- of the 14 surA'iA'ors Avere saA'^ed for longeA'ity studies 
and for histologic purposes; the remaining 10 AA'ere sacrificed and the same 
organs Aveighed as in the first experiment. All these tissues except those 
needed for histological study Avere placed Avith the rest of the carcass after 
Aveighing; then analyses of the carcasses minus the contents of the gastro- 
intestinal tract, AA'ere made for AA'ater, fat, ash and protein b}' the methods 
described by Deuel, Hallman, MoA'itt, Mattson and Wu (1944). The tails 
of these rats Avere radiographed and the same measurements made as in the 
initial experiment. 

The testes and adrenals of representatiA'’e rats from the tAvo surviving 
groups of the second experiment AA'ere fixed in 10 per cent neutral formalin. 
Paraffin sections of the testes AA'ere stained in hematoxylin and eosin. Frozen 
sections of one adrenal from each animal AA'ere stained Avith 1) Sudan lY, 2) 

- The four rats which Avere not sacrificed at 112 days Avcrc continued on their orig- 
inal experimental regimens. One died on the 17Cth post-operative day, a second Avas 
sacrificed in a Aveakened state on the 240tli day and 2 are still alive on the 260th day. 
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Sudan IV and Harris’ hematoxylin and 3) by the Schiff plasmal method. 
An additional' two sections of each adrenal were mounted unstained in 
gl 3 '^cerin jellj'^, one was untreated, the other extracted for one-half hour in 
acetone at room temperature. These latter were studied under the polarizing 
microscope for acetone-soluble droplets showing birefringence and under 
the flourescent microscope for the presence of autofluorescing material. 

All animals in both experiments were weighed every other day through- 
out the experimental periods. Each morning, the numbers of animals .which 
had died in the previous 24 hours were recorded. At frequent intervals, all 
animals Avere palpated for gross evidence of increase in testicular size. In all, 
4 rats were discai'ded from further consideration Avhen slight testicular en- 
largement Avas noted. Any animals AA'hich died in the first 48 hours after the 
operation Avere considered to harm died because of trauma incurred in the 
operation and not because of hypophysectomy "per se. Of the 80 rats in these 
experiments, 5 died AA'ithin the first 48 hours and Avere disregarded in all 
evaluations of the data. 

RESULTS 

The general appearance of the hj'^pophysectomized rats main- 
tained on the purified rations Avas exceptionally good throughout the 
duration of the experimental periods. The hair coat remained fine and 
smooth in texture. The external appearance of the hypophysectomized 
rats maintained on the high fat ration (150) Avas especiallj’- sleek and 
AA'ell-groomed. No evidence of cjmnosis at the extremities Avas ob- 
served except during short periods previous to death in those AA'hich 


EXPERIMENT »l 
RROi Mn r.nn\w 


EXPERIMENT #2 
GROUND CHOW 



survivors 


iooR^j!O^Ot20% CELLU FLOUR 



6 M ^ 4o 5*0 6*0 Vo ^0 W 6 lb 20 » 40 5*0 e’o 7*0 

days days 

Fig. 1. Graphical representation of the percentage surviA'al of hypophysectomized rats 
maintained on the various rations in experiments 1 and 2. 



524 


SHAW AND CREEP 


Volume 44 




June. 1949 DIET APROPOS HYPOPHYSECTOMIZED RATS 525 

did not survive the experimental periods. In contrast, within a few 
hours after hj’pophysectomy, the rats fed either ground chow or 
chow in pellet form began to appear unkempt and cyanotic and often 
remained thus until death. The animals fed chow as pellets or in 
ground form were also extremely lethargic in contrast to the relative 
activity of those rats maintained on the purified ration. No difference 
was noted in behavior or general appearance between the rats on the 
two forms of chow. 

The effect of the various diets upon the duration of survival of 
hypophysectomized rats is presented in Figure 1 and in Table 2. In 
experiment 1, the duration of survival and the percentage of survivors 
among the 3 groups of rats fed the purified rations (100, 100+20 per 
cent Cellu flour, and 150) were significantly higher than among the 
groups of rats fed chow pellets or ground chow. No significant dif- 
ferences were observed in the survival times and percentage of sur- 
vivors among the 3 groups of rats fed the different purified rations, 
nor were any significant differences observed between the groups fed 
the two physically different forms of chow. In experiment 2, a signi- 
ficantly longer duration of sur\dval and a significantly higher percent- 
age of survivors was observed among the hypophysectomized rats 
fed the 2 purified rations than among those rats fed ground chow. 
Again, no differences were observed in survival between the groups 
fed the two purified rations. 

During the first few days after hypophysectomy, numerous rats 
in each of the dietary groups lost appreciable amounts of body weight 
while others in each group maintained their original weight and some 
began to gain immediately. On the 7th day of the first experiment, 
the average weight increase for each group varied from 6 to 15 grams. 
At this time, the rats fed chow in pellet form and those fed ration 150 
had increased in body weight on the average slightly more than those 
animals in the other 3 groups. On the 35th day, the 6 surviving ani- 
mals fed ration 150 had gained on the average slightly more than the 
6 fed 100+20 per cent Cellu flour and these in turn had gained 
slightly more than the sur^dving 2 rats in the ground chow group, 
the 1 survivor in the chow pellet group and the 6 rats in the ration 
100 group. By the 70th das'- and SSth daj’-s, there were no sui-vdvors 
in the groups recei^dng chow but those hj’pophysectomized rats fed 
rations 100 and 150 were equal in average weight gain and had gained 
appreciablj’- more than those rats fed the ration with added undigesti- 
ble crude fiber. The average increase in body weight for the rats fed 
rations 100 and 150 for SS' daj’-s Avas slightly in excess of two-thirds 
of the bod}’' Aveights at the time of h 3 ’pophysectom 3 \ 

In experiment 2, the aA^erage weights of the rats in the 3 groups 
on the 7th day post-operatiA’'ely AA'ere 9 to 11 grams more than at the 
time of the operation. By the 35th da}^ the aA^erage Aveight increases 
in rats fed the purified rations Avere double that observed in the one 
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survivor in the group fed ground chow. On the 70th and 112th post- 
operative days, the average weight increase of the surviving hypo- 
physectomized rats fed ration 100 was almost identical with that of 
those rats fed ration 150 throughout the experimental period. It is 
interesting to note that the average weight of the rats fed rations 100 
and 150 for 112 days was slightly more than double the average 
initial body weights. 

Food consumption expressed as the average number of calories 
consumed per rat per day was almost identical for the 2 groups fed 
the purified rations and slightly exceeded that of the rats fed ground 
chow. 

The average ratios of organs to body weight, expressed as mg. 
per 100 gm. of body weight, are presented in table 3 for the survivors 
of experiment 1 and for the 10 animals in experiment 2 which were 


Table 3. The average proportion of tissue weights to body weights 
EXPRESSED AS JIG. PER 100 GM. OF BODY WEIGHT 


Exp. 

Dura- 

tion 

days 

Rntion 

No. of 

Body 

weight 

Adrenal 

Thymus 

Testes 

Seminal 

vesicle 

prop. 

Testic- 

ular 

no. 

rats 

Initial 

Final 

prop. 

prop. 

prop. 

fat 

prop. 

1 

88 

100 

6 

gm. 

63 

gm. 

104 

8.4 

229 

120 

7.0 

680 



lOO-t-20% 
Cellu flour 

5 

63 

89 

8.2 

204 

137 

8.5 

590 



150 

5 

63 

108 

8.8 

234 

121 

7.9 

1070 

2 

112 

100 

5 

50 

107 

10.5 

190 

67 

6.0 

815 



150 

5 

52 

104 

10.1 

160 

100 

6.9 

871 

Control 

0 

Chow 

10 

— 

107 

21.8 

453 

902 

34.9 

355 


sacrificed for carcass analysis on the 112th day^ These data do not 
include any animals on chow for the reason that none survived the 
experimental period. The very Ioav ratios of the testes and of the 
seminal vesicles to body weight reflect the withdrawal of gonado- 
tropic hormones due to the complete removal of the hypophysis and 
indicate further that this atrophic process is not influenced bj’’ the 
nutritional state of the animal which has permitted his survival for 
this length of time. The average percentile weight of the adrenals is 
also far below the range for intact animals of this weight but is not 
quite as low as that observed previously by Deane and Greep (1946) 
in hypophj'^sectomized rats surviving for 56 and 136 days on chow. 
The average ratio of the weight of the thymus to body weight had 
not been reduced below the normal range for animals of equal weight. 

In table 4 are recorded measurements taken from radiograms of 
the tails of 2 different groups of 10 intact control animals and of 
animals surviving on the purified diets for 88 and 112 days. The 
average length of the last 22 tail vertebrae in the hypophj'-sectomized 
rats increased appreciably during the experimental period (Fig. 5 
& 6). This increase in length is almost the same as that which oc- 
curred in normal rats during the same Aveight increase achieved dur- 
ing a shorter groAvth period and is apparently a result of the increase 
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Table 4. Measurements on the average length of the tails of 

HYPOPHTSECTOMIZED RATS AND THEIR RESPECTIVE CONTROLS 


Length 


E.vperi- 

Ration 

No. 

of 

rats 

Body 

weight 

Avg. length 
of the last 

12th 

caudal 

vertebra 

12th 

caudal 

interver- 

tebral 

space 

ment 

Initial 

Final 

22 tail 
vertebrae 

1 

100 

6 

gni. 

63 

gm. 

104 

mm. 

106 

mm. 

5.5 

mm. 

.5 


100 +20% 
Cellu flour 

5 

63 

89 

99 

5.2 

.4 


150 

5 

63 

lOS 

104 

5.3 

.5 

2 

100 

5 

50 

107 

113 

5.9 

.4 


150' 

5 

52 

104 

106 

5.7 

.3 

Control 

Chow 

10 



64 

78 

3.5 

.8 

Control 

Chow 

10 

— 

107 

106 

5.3 

.6 


in length of the individual ossified vertebra. The distance between 
the adjacent vertebrae appears to be slightly longer in normal than 
in hypophysectomized rats of the same weight. 

In table 5 are presented the carcass analyses for water, protein, 
fat, ash and carbohydrate for 2 groups of 5 rats, each of which were 
maintained for 112 da 3 'S on ration 100 and 150, respectivelJ^ In addi- 
tion, corresponding analj^ses are presented for these components in 
the carcasses of normal rats which had been maintained for 126 
daj'^s on purified diets of comparable fat content by Scheer, Straub, 
Fields, Meserve, Hendrick and Deuel (1947). Values for normal rats 
fed a stock ration ad libitum are also listed from data of the latter 
investigators. The average analj’^ses of the carcasses of the 2 groups 
of h 3 '^poph 5 ^sectomized rats do not differ appreciablj' from each other 


Table 5. The body composition of rats fed purified rations 


Ra- 

tion 

no. 

Dura- 

tion 

Fat 

con- 

tent 

of 

diet 

No. 

rats 

Average 

body 

wciglit 

Water 

Pro- 

tein* 

Fat 

Ash 

Carbo- 

hydrate 


days 

% 


gm. 

% • 

% 

% 

% 

% 





Hupophyscclomizcd Rats 




100 

112 

5 

5 

105 

57.5 

15.2 

19.4 

3.9 

4.0 

1.50 

112 

25 

5 

103 

57.7 

14.3 

20.4 

3.9 

3.7 





Intact Rats** 





61 

126 

5 

7 

311 

57.0 

IS. 7 

19.4 

3.3 

1.6 

63 

120 

20 

8 

377 

52.2 

17.9 

24.7 

3.2 

2.0 

Stock 

126 

14 

7 

310 

58.8 

18.2 

9.9 

3.1 

10.0 


• We wish to acknowledge our gratitude to the Department of Nutrition of the 
Harv.ard School of Public Health for making the protein analyses of the dried, defatted 
carcasses of the hypophysectomized rats. 

** These analyses quoted from Scheer ti al., J. Nutrition 34, nSl (1947). 
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except for the fat and protein components. The fat content of the 
rats fed high fat ration 150 was 20.4 per cent, whereas the fat content 
of the rats fed low fat ration 100 was 19.4 per cent. The average pro- 
tein content of the rats fed rations 100 and 150 were 15.2 and 14.3 
per cent, respectively. The carcass analyses of the hypophysectomized 
rats were very similar to comparable analyses of intact rats fed a low 
fat purified ration, except that the protein content for the 2 groups 
of hypophysectomized rats was appreciably lower than the 18.7 per 
cent value for intact rats. The carbohydrate content of the hypophy- 
sectomized rats was slightly higher than for the intact rats. Intact 
rats which were fed the high fat diet had a considerably higher fat 
content and lower water content than either group of hypophysec- 
tomized rats or than the intact rats fed the low fat purified diet. On 
the other hand, intact rats which were fed a stock diet composed of 
natural foodstuffs with an overall fat content of 14 per cent had an 
average carcass fat analysis of only 9.9 per cent. This low fat content 
of normal rats fed a stock ration indicates that the small amount of 
depot fat observed in hypophysectomized rats maintained in this 
laboratory on chow is probably a characteristic of the ration and not. 
a result of hypophysectomy. Likewise the high fat content' of the 
hypophysectomized rats and of the intact rats fed purified rations 
was apparently a result of the composition of the ration and not of 
the particular endocrine status of the rats per se. 

HISTOLOGY 

The hypophysectomized rats which were given the purified ra- 
tions over extended post-operative periods had the appearance of 
exceptionally fat animals (Fig. 2) ; the heavy deposits of subcutaneous 
fat made them appear to be padded. The sldn was pinkish and 
ghstening and could be incised with the ease of parchment. lATien 
these animals were brought to necropsy, it was revealed by gross in- 
spection that their carcasses were indeed laden with massive deposits 
of both white and brown fat (Fig. 3). The testicular fat bodies were 
enormous. They extended the full length of the abdominal cavity and 
displayed many long finger-like projections which ramified amongst 
the loops of the intestines. Masses of brown fat were found in the in- 
terscapular region and along the posterior wall of the thoracic and 
abdominal cavities. Here it was in such abundance as to obscure the 
great vessels (Fig. 4) and the adrenal glands. The amount of brown 
fat in the hypophysectomized rats fed purified rations was apprecia- 
bly more than in hypophysectomized rats fed chow but was approxi- 
mately equal to the amount observed to be present in intact rats fed 
these purified rations for similar periods. 

The adrenal glands from these same animals show a severe re- 
duction of the width of the cortex (Fig. 7 & 8). The zona fasciculata 
was so atrophic as to make its recognition doubtful. The cells in the 
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Fig. 2. A demonstration of the increase of body size of a typical hypoph 5 'sectomized 
rat from experiment 2. The rat on the left has been maintained on ration 150 for 140 
days after hypophyscctomj’ and weighs 133 grams. The rat on the right is a normal 
one from the stock colony and weighs 78 grams which is the weight at which the rat on 
the left was hypophyscctomized. 

Fig. 3. Photograph of the abdominal cavity of a typical rat in experiment 2 which 
had been fed ration 150 for 112 days after hypophysectomy. Note the atrophic testes 
and the plentiful supplies of depot fat. 

Fig. 4. Photograph of the thoracic cavity of the rat in figure 3 with lungs removed t o 
show the extensive brown fat body along the dorsal aorta. 
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area between the zona glomerulosa and the medulla were shrunken, 
had pycnotic nuclei and were^devoid of sudanophilic droplets. This 
area did not respond to the Schiff plasma! reagent nor did it contain 
any autofluorescing or doubly refractile materials. 

The zona glomerulosa on the other -hand was considerably 
broadened, its cells appeared histologically normal, and were laden 
Avith sudanophihc droplets that Avere also Schiflf positive (Fig. 7). 
This zone was also strikingly autofluorescent and contained an abun- 
dance of birefrigent material that was evenly distributed as coarse and 
fine particles (Fig. 8). These observations are in agreement Avith the 
description of adrenal cortical changes following hypophysectomy as 
reported previously by Deane and Greep (1946). 

The testes of 3 rats gh'^en diet 100 and 3 given diet 150 for 112 
days folloAAung remoA’’al of the pituitary AA^ere examined microscopi- 
cally. In all instances the seminiferous tubules and the Leydig cells 
AA'ere atrophic'(Fig. 9). The degree of regression AA'as sufficiently ex- 
tensive to eliminate any , doubt concerning the completeness of re- 
moval of the anterior lobe of the hypophysis. 

DISCUSSION 

Complete surgical removal of the hypophysis is generally be- 
lieved to result in cessation of groAvth as manifest by no further in- 
creases in body weight and skeletal dimensions. That these groAAdh 
processes can be reinstituted by the growth hormone prepared from 
pituitaiy glands has been conclusiA’-ely demonstrated. A point arises, 
howeA’’er, with respect to tail growth, since Freud, LeAue and Kroon 
(1939) concluded from a series of assay experiments, that (1) tail 
growth in hypophysectomized rats AA'as more uniformly proportional 
to the potency of growth hormone preparations than the accompany- 
ing increases in body weight and (2) unless the hormone AA^ere injected 
soon after surgical removal of the pituitary, no tail groAvth was 


Fig. 5. Radiogr.ipli of the tail of a normal rat from the stock colony. The body Aveight 
of this rat was 63 grams at the time of this radiograph. 

Fig. 6. Radiograph of the tail of a rat from experiment 1 Avhich had been hypoph- 
ysectomized at a weight of 62 grams and then maintained for 88 days on ration 100+ 
20 per cent Cellu flour at which time it weighed 94 grams. Note the greater tail length 
and the increase in length and calcification of the indiAudual vertebrae in comparison 
with the tail of the control animal in figure 5. 

Fig. 7. Photomicrograph of a frozen section of an adrenal from a typical animal in 
experiment 2 sacrificed 112 days after hypophysectomy. Stained AA-ith Sudan IV. Note 
heavy staining of sudanophilic lipids in the zona glomerulosa of the cortex and the 
almost complete absence of sudanophilic lipids in the zona fasciculata. The cortex as a 
Avhole is greatly reduced in width. X60. 

Fig. S. Photomicrograph of a frozen section of an adrenal from a typical hy- 
pophysoctomized rat in experiment 2 taken with a polarizing microscope. The bire- 
fringent particles are almost entirely confined to the broadened zona glomerulosa. X60. 

Fig. 9. Photomicrograph of a section of testis from a typical hypophysectomized 
rat in experiment 2. The germinal cells haA’c largely disappeared and the investiture of 
the tubules is composed mainly of Sertoli cells. Hematoxylin and eosin. X60. 
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possible since, according to their findings, cessation of tail growth 
following hypophysectom}'' 4vas accompanied by irreversible closure 
of the epiphyses of a large number of the caudal vertebrae. On the 
basis of our data, hypophysectomized rats maintained for relatively 
long periods on purified rations do not show closure of the epiphyses 
in the caudal vertebrae even when no growth hormone preparation 
was administered. 

During the first 5 weeks of our experiments, the average increases 
in body weight of all groups of hypophysectomized rats were remark- 
ably'' similar despite the great differences in the percentage survival ■ 
within groups. These average increases in body weight fail to reveal 
an interesting difference which actually existed between the individ- 
ual growth patterns of rats fed purified diets and those fed laboratory 
chow. In each of the 8 groups in these experiments, the weight 
changes of individual rats in the critical period after hypophysectomy 
could be dmded into 3 merging categories; (1) slow but gradual and 
prolonged weight increases, (2) weight maintenance without ap- 
preciable fluctuation and (3) gradual weight loss. Some rats receiving 
ground chow or choAv pellets began to lose Aveight after hypophysec- 
tomy and died in relatively short periods; others maintained their 
AA'eight for a short interval, folloAA'ed by AA'eight loss and death. In 
direct contrast, rats AA'hich received either of the purified rations and 
began to lose AA'eight post-operatively, surviA'ed for relatively long 
periods. Several recoA’'ered to the point of AA'eight maintenance and 
eA'entually made progressive AA'eight gains. Moreover, rats AA'hich 
maintained their AA'eight in the early post-operative period rarely died 
and soon began to gain AA'eight sloAA'ly and steadily. Lastly, rats AA'hich 
AA'ere fed choAv diets and shoAA'ed an early post-operatiA''e gain in AA'eight 
soon ceased to groAA' and then lost AA'eight for a short period before 
death. In comparison, hypophysectomized rats proA'ided AA'ith purified 
rations, and AA'hich began to gain AA'eight, continued to gain sloAA'ly for 
long periods AA'ith practically no mortality AA'ithin the length of our 
experimental regimen. Furthermore, AA'henever unexplainable crises 
resulted in groAA'th plateaus or AA'eight losses during later stages of 
the experimental period, those hypophysectomized rats receiving 
choAA' invariably had a lesser ability to recover from these recessions 
than the rats fed purified diets. Thus, a close examination of the 
changes in body AA'eight of indiA'idual rats indicated that a strikingly 
greater and more prolonged life-sustaining stimulation Avas elicited 
in hypophj'sectomized rats by the purified rations than by the choAA' 
diets, especially during periods of stress. 

In the experiments of Freud and co-AA'orkers, and most other re- 
searchers, hypophysectomized rats AA'ere provided AA'ith food ad 
hbitxim. Very little information is aA'ailable concerning food habits 
and the nutritional requirements of hypophysectomized rats or of the 
effect of different diets on the general health or body structure of 
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these animals. In contrast to experiments with voluntary food con- 
sumption, Samuels, Reinecke and Bauman (1943) tested the premise 
that hj'pophysectomized rats might be able to absoi’b and metabolize 
more food than thej'- would voluntarily consume by feeding measured 
amounts of diet to hypophysectomized rats by stomach tube for 
periods varying from 15 to 54 days.® These animals exhibited definite 
growth of the skeleton and musculature, as shown by increases in 
bod}^ weight arid in femur weight. They also stored nitrogen at a 
rate about one-third that of intact pair fed controls; nitrogen storage 
was more rapid than skeletal growth but less rapid than the increases 
in body weight. On the other hand, fat had been stored at a much 
higher rate than bj’’ intact controls and, probably, accounted for a 
major portion of the bodj'- weight increases. Weights of the adrenals, 
reproductive organs, thyroids, and spleen decreased in size at rates 
comparable to those observed in h 3 '^pophysectomized animals fed 
ad libitum. 

It is interesting to compare the caloric intake and growth response 
of our hj'pophysectomized rats allowed to eat ad libitum with those of 
Samuels et al. which were forced to take food in excess of what they 
desired. In the latter instance, the caloric intake amounted to about 
39.6 calories per rat per day, whereas our animals consumed enough 
ration 100 and 150 to jdeld an average of only 22.8 and 22.5 calories 
per daj'-, respectivelj^, during the first 35 days of the experiment. 
Towards the end of this period, their weights were in about the same 
range as the force-fed rats. The average food consumption of our in- 
tact rats of the same strain in this weight range has been found to be 
equivalent to 45 calories on which intake the}’’ gained between 4 and 
5 grams per day. Thus, the force-fed hypophysectomized rats had to 
ingest amounts of food almost equivalent to what an intact rat of the 
same weight would voluntarily eat to attain its maximum increase in 
body weight. The amount of food -fed to these hypophysectomized 
rats was about 75 per cent in excess of what our hypophysectomized 
rats of the same weight voluntarily consumed in the process of gaining 
an average of 0.6 gms. per day. The degree of body weight increase 
observed in operated rats allowed ad libitum access to the purified 
rations would seem to represent a level more nearly approaching the 
physiological optimum. 

The average protein contents of the carcasses of our hypophysec- 
tomized rats fed purified rations were lower than the values for in- 


’ The diet used was composed of a mixture of powdered ovalbumin, lactalbumin, 
melted butter, corn oil, cornstarch, dextrin, glucose monohydrate, cellu flour, salt 
mixture, vitamin B-complex, and percomorph oil suspended in water in sufficient 
amounts that each cubic centimeter of the suspension contained sufficient solids to 
jneld about 3.3 calorics upon digestion. The basal composition of this diet was roughly 
cpmparable in its carbohydrate, protein and fat distribution to our ration 150 but had 
14 per cent of cellu flour in addition. Each daj*, the hypophysectomized rats were given 
three feedings of 4 cc. each at 5-hour intervals. 
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tact rats (Scheer ei al., ’43) fed comparable diets (15.2 and 14.3 per 
cent versus 18.7 and 17.9 per cent, respectively). Therefore, it seems 
probable that the hypophysectomized rats.had a slightly lower ability 
to build protein than the intact rat of the same age. The fact that the 
protein content of the hypophysectomized rats was maintained at a 
level so nearly comparable, to that of intact rats during a period of 
growth in which the body weight was slightly more than doubled 
certainly indicates that a substantial amount of protein synthesis 
must have occurred. Since carcass analyses were not made at the 
beginning of the experiment, and since no nitrogen balance studies 
were made, the actual amount of protein synthesis and the efficiency 
of protein utilization are not known. 

In so far as our data are concerned, there is no evidence that fat 
metabolism has been altered by hypophysectomy. Unlike force-fed 
hypophysectomized animals which retained fat at a much more rapid 
rate than their intact controls, the carcasses of our hypophysec- 
tomized rats allowed to feed ad libitum did not have a higher fat con- 
tent than intact rats fed the same diets. This was true even where 
45 per cent of the caloric value of the ration was supplied from fat 
(ration 150). Since the fat content of these animals did not differ 
significantly from those receiving ration 100, it can be concluded 
that fats and carbohydrates are utilized as energy sources by the 
hypophysectomized rats with comparable efficiency. 

The values for ash and carbohydrate in the carcasses of the hy- 
pophysectomized rats were slightly higher than for intact rats fed 
comparable rations. It is impossible on the basis of present data to 
determine whether there is anything of significance about these small 
differences. 

These investigations represent only a beginning in the understand- 
ing of the relationship of diet to the survival, growth and body com- 
position of hypophysectomized animals. The unexpectedness of sub- 
stantial increases in body weight accompanied by tail growth in 
hypophysectomized rats allowed to eat ad libitum made it necessary 
to obtain data beyond the original purpose of this investigation. Our 
data needs to be supplemented by carcass analyses of hypophysec- 
tomized rats at the time of operation, and after a short period on 
chow, by determinations of the basal metabolic rate, and by the rate 
of utilization of the various major food constituents. 

SUMMARY 

Between 60 and 70 per cent of rats fed purified diets ad libitum 
after surgical removal of the hypophysis survived for experimental 
periods of at least 88 and 112 days. Only 10 per cent of comparable 
rats offered laboratory chow survived beyond 45 days and none more 
than 63 days. The long survival of hypophysectomized rats fed the 
purified rations was not due to the fine particle size of the purified 
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rations nor to their lack of undigestible crude fiber. Those hypophy- 
' sectomized rats which survived for long periods increased consider- 
ably in body weight and, apparently, synthesized considerable protein 
during the growth process. Tail growth was observed, individual 
caudal vertebrae lengthened, and the epiphyses of the caudal verte- 
brae did not close. Hjiiophysectomized rats which had been main- 
tained on purified rations for 112 days, during which time they had 
doubled their body weight, had a slightly lower protein content but, 
otherwise, did not differ greatly in their carcass analyses from intact 
rats fed purified rations for comparable periods. 
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. MODE OF ACTION OF OESTROGENS ON THE 

CORPUS LUTEUM 

E. 0. HOHN* AND J. M. ROBSON 
From the Dept, of Pharmacology, Guy’s Hospital Medical School 

LONDON 

It is well known that oestrogens can maintain the activity of the 
corpus luteum in the rabbit, in the absence of the pituitary. That such 
luteal tissue exerts its normal secretoiy activity is shown by the fact 
that in non-pregnant animals it produces its typical effect on the 
endometrium, i.e. progestational proliferation, and in pregnant 
animals, it maintains a normal gestation (Westman & Jacobson, 
1937; Robson, 1937, 1939). 

The question arises whether the oestrogens act directly on the 
luteal cells or whether there is some intermediate mechanism which 
ultimately results in the effect on the. corpus luteum. There is indeed 
other evidence that oestrogens can exert an action on the ovary 
(Aron & Aron, 1946) and the results of Bullough (1943) suggest that 
this effect is a direct one, involving action on the ovarian cells by the 
oestrogen present in the follicular fluid. 

The present experiments were started in the expectation that 
clear e^^dence for a direct action of oestrogen on the corpus luteum 
would be obtained, but in this Ave have been disappointed. On the 
contrary, the results are in favour of the view that the effect is in- 
direct. It is possible that this is due to technical deficiencies in our 
methods, and our data are presented in the hope that they ma}’' be of 
help in other and perhaps more conclusive investigations. 

METHOD 

In order to determine the site of action of oestrogens on the corpus 
luteum, implants of oestrogens Avere made into a single corpus luteum of 
pseudo-pregnant rabbits. The animals Avere made pseudo-pregnant by the 
injection of pregnancy urine gonadotrophin. Implantations Avere carried 
out using “crystal guns” of seAmral sizes depending on the dimensions of the 
implant. A ciystal gun consists of a fine pointed glass tube into AA’hich the 
implant is inserted. The corpus luteum A\'as pierced AA'ith the point of the 
tube and the crystal driven in by means of a Avell-fitting central rod used as a 
piston. The animals Avere h 3 '^pophysectomized by the method of Firor (1933) 
on the daj" after implantation. Macroscopic obserA^ations of the condition 
of the corpora lutea in the tAvo OAmries Avere made subsequent!}’’ at one or 

Uecc'iA’cd for publiaation February 14, 1949. 
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more laparotomies. The animals were finallj’^ killed and the two ovaries 
examined microscopically. 

If the implanted oestrogen acts directly on the cells of the corpus luteum 
it would be expected that shortly after hypophysectomy (about the 4th 
day) and for some time subsequently, the implanted corpus luteum would 
be maintained in size and histological development. The renraining corpora 
lutea of the implanted ovary might show some degree of maintenance while 
the corpora lutea of the unimplanted (control) ovary would be expected to 
show involution. If, on the other hand, the maintenance of the corpus 
luteum produced bj"^ oestrogen administration is due to an indirect mecha- 
nism, e.g. possibly as the result of the formation of another substance acting 
on the corpus luteum but produced in some other tissue under the influence 
of the oestrogen, then oestrogen implantation would lead either to some de- 
gree of maintenance of the corpora lutea of both ovaries (with adequate 
dosage) or to failure of maintenance in both ovaries if the dose were inade- 
quate. 

RESULTS 

Preliminary Experiments on Mice 

As a first step, preliminary experiments were made to determine, 
for certain oestrogens, a dose small enough to be readily implanted 
or injected into the rabbit's corpus luteum, which would yet exert 
an oestrogenic effect for at least 10 days. 

The oestrogens used were administered to ovariectomized mice, 
by subcutaneous injection, subcutaneous implantation or intrarenal 
implantation of solid material; using the crystal gun in the last two 
instances. The oestrogenic effect was followed by daily vaginal smears. 
The condition of the smear was noted by the semi-quantitative 

Table 1. Vaginal effect of certain oestrogens in ovariectomized mice, 
WITH different methods OF ADMINISTRATION 





No. of 
animals 
tested 

Duration of response* 

Compound 

I^Iode of 
administration 

Dose 

I Full 

' oestrus, 
days 

Positive 

1 responce, 

1 days 

Tripiienyl chlorethylene crj'stals 
(obtained by slow e^'aporation of 
a bentene solution). 

Subcutaneous 
^ implantation 

0.03- 
0.49 mg. 

7 

0-5 


Triphcnyl chlorethylene cr>’stals 
(obtained by slow e\’aporation of 
a beneene solution). 

Intrarenal 

implantation 

0.024- 
0.62 mg. 

s 

0 


1 % aqueous suspension of oes- 
tronc. 

Subcutaneous i 
injection ' 

10-50 pg. 

S 

0-13 


1% aqueous suspension of oes- 
trone. 

Intrarenal i 

injection ' 

10-50 Mg- 

10 

0-4 


Ocstradiol dipropionate cr\*stals 
(obtained by cooling a solution 
in hot alcohol). 1 

Subcutaneous 

implantation 

16-137 mP* 

12 

24-55 


Ocstradiol dipropionate crystals i 
'(obtained by cooling a solution 
in hot alcohol). 

Intrarenal 

implan(tation 

I4-5S (ig. 

6 

9-15 


Stilboestrol cr>-stals (obtained by 
cooling a solution in hot alcohol) 

Subcutaneous 

implantation 

5-50 mR- 

10 

1 

6-30 


1 bv 

.hoi) 

Intrarenal 

implantation 

Subcutanrous 

implantation 

Subcutaneous 

implantation 

5-50 MR. 

10 

5-66 


in 

cholesterol mixture. 

20-60 Mg. 

s 

0-8 

0-10 

0.1% ocstradiol dipropjonale in 
cholesterol mixture. 

10-60 MR. 

s 

0 ' 

0-7 


* 1,0., tbo inter'\’ul between implantation and last day on which the \'apinal smear showed complete cornifi- 
cation (full oestrus) or showed partial chanpc (iwdtive rospon*^). 
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method preAdously described (Robson, 1938) and a smear Avas judged 
to be positive as long as it differed significantly from that found in 
untreated ovariectomized mice. These preliminaries seemed to be es- 
sential, since administration of an oestrogen which produces a signifi- 
cant effect in the vagina in the mouse might, Avhen administered into 
the corpus luteum, be expected to discharge oestrogen into that organ 
for at least the same period of time. 

Renal implantation Avas used since the corpus luteum is a very 
vascular structure and it seemed possible that absorption from it 
might be at a different rate from that which obtains in the com- 
paratively avascular subcutaneous tissues of the mouse. The results 
are given in Table 1. 

It AAull be seen that oestradiol dipropionate and stilboestrol ap- 
peared to be satisfactory, while injections of aqueous oestrone sus- 
pension produced effects which Avere too limited in duration. It should 
be noted that in experiments Avith oestrone and triphenyl chlor- 
ethylene, intrarenal administration Avas relatively ineffective as 
compared to subcutaneous administration (Table 1); AARile in the 
case of oestradiol and stilboestrol, comparable effects Avere produced 
by both methods of administration. This suggests that oestrone and 
triphenyl chlorethylene are selectively destroyed or excreted in the 
kidney, but further investigations on this point are necessary. 

As it is known that absorption of steroid hormones is delayed 
Avhen they are administered as mixtures AAuth cholesterol, experiments 
Avere also carried out Avith implants containing 1% and 0.1% of 
oestradiol fused Avith cholesterol. An attempt Avas made to find a dose 
AA^hich Avould produce an effect on the vagina less than that of com- 
plete oestrus, since it seemed likely that such a dose might produce a 
very localized effect on the corpus luteum. 

Table 1 shoAvs that this result was sometimes achieved Avith the 
smaller doeses. The results are expressed as the interval, in days, be- 
tAA'een implantation and the last day on Avhich full cornification (full 
oestrus) Avas observed and also as the interval, in days, up to the last 
day during Avhich a definite, but partial effect, short of complete 
cornification Avas observed (positive response). 

Experiments on Rabbits 

Oestradiol dipropionate implants: (see Table 2) Eight complete 
experiments AAuth this substance in doses of 5, 10 and 18 pg. Avere 
carried out. Experiments thus reported as complete (here, as Avell as 
beloAv) are those in which (1) macroscopic examination of the sella 
turcica at post mortem shoAved that hypophysectomy had been com- 
plete and (2) the period of survival of the animal after the operation 
Avas adequate for the purposes of the experiment, as outlined above. 

The results of these experiments are summarized in Table 2. It 
Avill be obserA'^ed that they fall into three groups. In the first group, in 
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one animal only, the corpora lutea were not maintained to the end of 
the' experiment. The results are interesting as they show that the 
corpora lutea degenerated at about an equal rate in both ovaries. 
On the 10th day after hypophysectomy examination of the corpora 
lutea in both ovaries,; examined at laparotomj'’, showed full main- 
tenance; at the 16th day macroscopic examination suggested that 
some degeneration was already occurring and affecting both ovaries 
equally. Wlien the animal was killed on the 25th day, the corpora 
lutea in both ovaries were fully degenerated. In the second group, 
there was partial maintenance of corpora lutea in both ovaries. This 


Table 2. Effect of oestrogen implants into a single corpus luteum of 

RABBITS HYPOPHYSECTOMI2ED ONE DAY AFTER IMPLANTATION 


Substance and dose 
implanted (iig.) 

Interval between 
hypophysectomy 
and death 

Degree of maintenance 
of the corpora lutea 

Oestradial Dipropionale 


Full in both ovaries 

5 

16 

5 

6 

Partial in both ovaries 

10 

15 

Full in both ovaries 

10 

25 

None in either ovary 

10 

11 

Partial in both ovaries 

10- 

23 

Full in both ovaries 

18 

7 

Full in b'oth ovaries 

18 

7 

Full in both ovaries 

Slilheslrol 



5 

4 

Partial in both ovaries 

5 

6 

Full in both ovaries 

15 

6 

None in either ovary 

15 ’ 

7 

Full in both ovaries 

15 

4 

Partial in both ovaries 

Ocslradiol 1% in Cholesterol 



GO 

5 

Partial in both ovaries 

60 

7 

Full in both ovaries 

60 

7 

Full in both ovaries 


was observed in two animals 6 and 11 daj'^s after hypophysectomy 
respectively. In these, the corpora lutea had undergone some shrink- 
ing and there was some invasion bj'' leucocytes. In the third group, 
there Avas full maintenance of the corpora lutea in both ovaries. This 
was observed in five cases, for periods ranging from 7 to 23 days after 
hjTpophysectomy. 

Sfilboestrol Implants (see Table 2): FiAm complete experiments 
Avith doses of 5 or 15 jug- of the crj’-stalline substance were carried out. 
In tAA'o cases, corpora lutea AA'ere fullj'- maintained in both OA’^aries 6 
and 7 days after h 5 ’^poph 3 ’-sectomy respectiA^el 5 ^ In tAAm cases, partial 
maintenance AA’as obserA’-ed in the tAvo OAmries 4 days after hypophy- 
sectomy. One case shoAA'ed failure of maintenance 6 daj^s after 
hjTpophj^Sectomy. 

Implants of 1% Mixture, of Oestradiol Dipropionate in Cholesterol : 
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Three experiments using 60 fig. of the mixture were completed (see 
Table 2). In two animals, full maintenance of the corpora lutea was 
observed on the 7th day after hypoph 3 ’’sectom 3 ''. In one case, partial 
maintenance only was shown 5 days after hjTpophysectomy. 

It will be noted that no selective effect on the corpora lutea of the 
implanted ovary was obtained in any of these experiments. Even 
when the maintenance effect was incomplete, the corpora lutea of both 
ovaries were preserved to the same extent. Hence the fact that a 
selective effect of the oestrogen was not observed, cannot be explained 
on the assumption that the dose necessary to produce a local effect 
only is very critical i.e. that a dose little above it- will maintain the 
corpora lutea in both ovaries equally, while a dose little below it will 
not maintain any corpoa lutea. 

DISCUSSION 

The above results indicate that under the condition of the experi- 
ments, the corpus luteum, with oestrogen implanted in it, was main- 
tained to the same extent as the corpora in the control ovaiy. In most 
cases, the corpora of both ovaries were maintained equall}’’; slight 
differences in luteal development in the two ovaries were clearly not 
significant. In a minority of cases the results fell into equal groups, 
showing (a) partial maintenance of the corpora lutea in both ovaries 
or (b) complete failure of maintenance of the corpora at the time of 
conclusion of the experiment. 

Although the problem cannot be regarded as settled, these results 
suggest that the maintenance effect of oestrogen on the corpora lutea 
of hypophysectomized animals is an indirect one. This presents cer- 
tain difficulties in view of the results of previous work (Bullough, 
1943). Nevertheless, the present findings are compatible with the ^dew 
that oestrogens act directly (and as such) on the cells of the corpus 
luteum, only if it is accepted that oestrogen locally administered does 
not diffuse into the cells of the corpus luteum from the site of im- 
plantation but is entirely absorbed, at or in the immediate vicinity 
of this site, directly into the circulation. The highly vascular nature 
of the organ certainly lends some support to this suggestion, though 
it must be remembered that local effects have been produced in other 
highly vascular organs, e.g. by the implantation of androgen into the 
testis (Dvoskin, 1944; Smith, 1944) and of thyroid stimulating sub- 
stance into the thyroid (Aron & Aron, 1947). 

It should be added that in an attempt to find a decisive answer to 
the problem, certain other experiments were devised. Transplants of 
the ovary into the spleen were made in a few animals, but attempts to 
produce luteinization of the follicles of the transplanted ovaries failed. 
If the technical difficulties of this experiment could be surmounted, 
the effect of the implanted oestrogen could be confined to the im- 
planted ovary, as any oestrogen absorbed into the blood stream would 
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now enter the portal circulation and be inactivated in the liver. 
Hence if maintenance of the corpora lutea in the implanted ovary 
tinder such conditions could be obtained, the response would not be 
attributable to the effect of circulating oestrogens. 

SUMMARY 

Small doses of various oestrogens w^ere implanted as crystals or 
injected as aqueous suspensions into mice to find those which would 
produce a prolonged oestrogenic effect in amounts suitable for in- 
troduction into a rabbit’s corpus luteum. 

Crj'^stals of suitable oestrogens were implanted into one corpus 
luteum of pseudo-pregnant rabbits and the animals were then hypoph- 
j’-sectomized. In no animals were the implanted corpora maintained 
selectively. The corpora lutea in both ovaries were either equally 
maintained, or degenerated at about the same rate. This erddence 
suggests that oestrogens do not act directly on the luteal cells but 
through some indirect mechanism. 
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RESULTS 

The time necessary for a positive response to occur in the test 
animals was found to vaiy indirectly and as a hj^perbolic function of 
the size of the dose administered "when between 22.5 and 100 I.U. 
of gonadotrophin was used. At these dosage limits the curve became 
asymptotic. The mean deviation of the animals at each dosage level 
was such that 4 animals were requisite to an adequate analysis at any 



INTERNATIONAL UNITS OF CHORIONIC GONADOTROPHIN, INJECTED 


Pig. 2. 

given level. An examination of the curve further reveals that at doses 
between 35 and 60 I.U., estimation of the dose of gonadotrophin 
from the time required for a positive response is most accurate. 
Figure 1 is offered as a graphic illustration of these findings. 

Figure 2 indicates the response of the test animals to various 
amounts of intraperitoneally injected chorionic gonadotrophin with- 
out regard for the time element, but only in terms of positiveness or 
negativeness. At 70 I.U. and above, 100% of the test animals yielded 
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urinary sperm. From 35 to 60 I.U. inclusive, the animals responded 
with onlj^ an occasional negative result. The occasional negative re- 
sponse found in these dosages illustrates the necessity of utilizing two 
animals in routine “pregnancy testing” and the resultant increase in 
accuracy as compared to those tests that are made using only one test 
animal. 

Below 35 I.U. of gonadotrophin the percentage of positive re- 
sponses rapidly decreased and at the level of 20 I.U. and below, the 
presence of urinaiy sperm could no longer be detected. As a result of 
these findings, a male Bana pipiens “frog unit” of gonadotrophin is 
defined for use in this laboratory as the smallest amount of chorionic 
gonadotrophic substance necessar 3 '^ to cause a positive response in 3 
of 4 test animals. This unit approximates 35 I.U. of chorionic gonado- 
trophin, which compares favorablj'- with the minimal effective dose of 
gonadotrophin for a positive response in the male Bufo arenarum 
Hensel of 40 I.U. (Galli-Mainini, 1948). 

"i^dien determining gonadotrophic titre in this laboratory an at- 
tempt is made to locate two points on the time response-dose curve. 
Figure 1, bj'- dilution of the test substance and repeated testing with 
groups of 4 frogs. Calculation then gives the gonadotrophic titre of 
the substance tested expressed as I.U. or frog units. The estimated 
titre maj'- further be verified, if desired, bj'- calculating the amount of 
the test substance equivalent to 35 I.U. and testing of an appropriate 
number of animals at this level and below for the minimal effective 
dose. 

SUMMARY 

The male Bana pipiens reacts to chorionic gonadotrophin bj'^ 
liberating sperm into the urine. At least 35 I.U. of gonadotrophin are 
necessary to proAude a positiA^e response in 75% of these animals, 
AA’hereas doses of 70 I.U. and aboA'^e initiate a positiA^e response in 
100% of tested animals. The time required for the liberation of sperm 
is indirectlj'- proportional to the dose of gonadotrophin administered. 
The time response-dose relationship is constant enough to proAude a 
relatiA^elj’’ accurate quantitatwe bio-assaj'- technique AA’hich is com- 
plemental to the coiwentional minimal effectiA^e dose technique. 
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COMPARATIVE ACTIVITY OF THIOURACIL 
AND OTHER ANTITHYROID COMPOUNDS 
IN THE RHESUS MONKEY 

D. A. McGINTY and M. L. WILSON 
From the Research Laboratories, Parke, Davis and Company 

DETROIT, mCHIGAN 
INTRODUCTION 

The selective iodine concentrating mechanism of the thyroid 
gland has been clearly demonstrated to occur in two independent 
steps (Vander Laan and Vander Laan, 1947) (Taurog, Chaikoff and 
Feller, 1947). The first step which involves absorption of iodide ion 
from the blood is not inhibited by antithyroid agents of the thiouracil 
type and accounts for but a small portion, of the total iodine present 
in the gland at any time. The second step involves the conversion of 
^sorbed iodide into organically bound form, a considerable portion 
of which is of hormonal character (Wolff and Chaikoff, 1947). This 
mechanism accounts for the greater portion of accumulated iodine of 
the normal gland and is inhibited by thiburacil-like antithyroid drugs. 
On the basis of these considerations, McGinty and collaborators 
(1948) quantitated the activity of several antithyroid agents in rats 
and chicks following a single subcutaneous injection of the compounds 
in varying doses. The duration of inhibition of hormone synthesis as 
evidenced by block to iodine collection was determined by admin- 
istration of tracer doses of radioactive iodine at intervals following 
administration of drug, iodine absorption being followed by radio- 
activity counts on excised glands. In the rat, the antithyroid potencj'' 
of the compounds studied paralleled in a general way the activity 
of the same substances as estimated by the 10 day chronic feeding 
test (Astwood, Bissell and Hughes, 1945; McGinty and Bywater, 
1945). In the chick this parallelism did not hold. The duration of 
action of minimal effective doses in both rat and cliick was not mate- 
rially different, escape from the blocking action occurring at -8 hours 
in the rat and 6 hours in the chick. 

Using the same general principle, Stanley and Astwood (1947) as- 
sayed 32 compounds for antithyroid activity in man. Following ad- 
ministration of radioactive iodine, radioactivity counts were recorded 
with a shielded G-M counting tube placed over the sternal notch until 
such time that an individually characteristic “accumulation gradient” 
or rate of iodine uptake by the thyroid was established. At this time. 
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usually from one to two hours after radioiodine administration, vary- 
ing amounts of the compounds under study were administered orally. 
Potency was estimated from the degree and duration of alteration of 
the accumulation gradient slope. 

T his important investigation brought out two facts, one, that the 
antithyroid activities of the compounds evaluated in man were in 
most instances quite different from the potencies as estimated from 
rat and chick experiments, and, two, that these activities appear to 
correspond more closely to results obtained by clinical experience in 
treatment of. thyrotoxicosis rather than what would be expected from 
rat or chick experiments. 

It is the purpose of this communication to present similar com- 
parative studies on a few compounds in the monkey. The drugs 
studied included thiouracil and the 6-methyl, 6-propyl and 6-benzyl 
derivatives, 2-mercapto-5-amino-thiadiazole (TC-68), 3-(phenyl- 
aminomethyl)-2-thiazolidinethione (TC-105),^ 2-mercaptoimidazole, 
2-mercaptoimidazoline, 2-mercaptothiazole and 2-mercaptothiazoline. 
The last four compounds were of particular interest because of the 
high antithyroid potencies of 2-mercaptoimidazole and 2-mercapto- 
thiazoline reported by Stanlej'- and Astwood in man — 10 and 2.5 
times that of thiouracil respectively. 

METHOD 

One female and nine male rhesus monkeys of 4r-7 kilograms body weight 
were housed singly in roomy screen-bottom cages in an air-conditioned 
room. They were given a rotated diet, ad libitum, of cooked cereals, fresh 
fruits and vegetables, bread, peanuts and milk. In addition, each animal 
received 1.2 ml. of a liquid vitamin supplement (Abdec) daily on a sugar 
cube. 

At the outset of each experiment, which was repeated at monthly inter- 
vals, carrier-free was administered intravenously in sterile saline at 
doses of approximately 20 microcuries. Radioactivity counts were taken a 
^few minutes following radioiodide injection and at one-half hour intervals 
for three hours at which time the antithyroid drug under study was ad- 
ministered. Counts were then taken at hourly intervals until the seventh 
hour and again at the 11th, 24th and 48th hour from radioiodine injection. 

Counting was done by means of a 6 cm. diameter shielded Victoreen 
tube and a Tracerlab Autoscaler. Records were taken over the midline of 
the neck in the angle between the clavicles and suprasternal notch. The 
G-M counter was checked at least twice daily against a radiocobalt stand- 
ard. Antithyroid drugs were administered in gelatin capsules inserted man- 
ually into the posterior pharynx. 

RESULTS 

In conformity with the results reported bji- Stanley and Astwood 
for man, we found also that the rate of radioiodine uptake b 3 ’- the 
thiToid of the monkej' as measured bj’’ the externallj^ positioned 
counter, when plotted against time, forms a distorted S-shaped curve, 
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the greater curvature of which is parabolic in shape. T\Tien radio- 
acti^uty counts are plotted against the square root of the elapsed time 
in minutes, the major portion of the curve, after the first half hour 
and for at least 11 hours, was essentially linear. This is shown in 
Figure 1 in untreated animals in Avhich indhddual neck counts are 
plotted against the time at which they were recorded. Repetition of 
these control experiments indicated that the slope of the iodine col- 



Fig. 1. Showing uptake of radioactive iodine by the thyroid of ten normal Rhesus 
monkeys following intravenous injection of 20 niicrocuries carrier-free radioiodide 
(I***). Radioactivity in the thyroid, taken from Geiger-Muellcr counter measurements 
over the suprasternal notch, is plotted against the square root of the time in minutes 
from radioiodide injection. The straight line through the individual points on the 
graph is indicative of the rate of accumulation of iodine by the thyroid over the time 
interval measured and of the corresponding rate of hormone synthesis, 

lection curve varied between different monkeys and in the same 
monkey at different times. It was necessary, therefore, that estima- 
tions of potency of administered drugs be made on deviations from 
the curve, the slope of wliich was established immediately preceding 
administration of the compound under study. Because of the per- 
sistently flat curve in the case of Rust}'-, experiments on this animal 
were not undertaken. 
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Experimental results ivitli thiouracil and the three derivatives of 
thiouracil investigated are shown in Figure 2. The initial rate of iodine 
collection is plotted as a straight line from neck count data taken at 
half hour intervals beginning one-half hour after injection of radio- 
iodine and extending to the end of the third hour, when the drug was 
administered. This slope is extended as a broken line to the 12th 



Fig. 2. Showing deviations from the established rate of uptake of radioiodine by 
tile thyroids of monkeys when given varying doses of thiouracil and three of its 6- 
substituted derivatives. The solid portion of the curves represent the accumulation 
slope of iodine uptake as plotted from radioactivity measurements taken in the first 
three hour period following radioiodide injection and after oral administration of the 
antithyroid compound at the beginning of the fourth hour. The broken line indicates 
anticipated radioiodine uptake for an 11 hour period had no drug been given. Full 
antithyroid activity is indicated by no increase in radioactivity over the thyroid region. 

hour =25.5) to indicate expected radioiodiiie absorption had no 
drug been given. 

A dose of 7.5 mg. thiouracil, equivalent to 2 mg. per kg. bodj' 
weight, exerted only a brief inliibitory action on iodine uptake, the 
curve of accumulation of radioiodine bj- the thyroid resuming a pat- 
tern practically the same as that expected from the untreated animal. 
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Twenty-five milligrams of thiouracil in Andy was more effective and 
persisted for about two hours when iodine collection was resumed at a 
somewhat reduced rate. This reduction in rate of radioiodine uptake 
was a usual occurrence following temporary inhibition and may have 
been due to loss of radioiodine through the kidneys during the non- 
absorptive period. A larger dose of 10 mg. per kg. in Andy induced 
an inhibition of no more than four hours duration. Administration 
of thiouracil in amounts equivalent to 25 and 30 mg. per kg. in Al, 
Nate and Andy were fully effective for 24 hours or longer. Any at- 
tempt to evaluate the duration of action of the drugs beyond 24 hours 
from the 48 hour radioactivity count was invalidated by lack of in- 
formation on the fate of injected radioiodine during the thyroid in- 
hibition period. 

Results with methyl thiouracil were variable. Doses of 10 and 15 
mg. per kg. were effective for periods varying from one to four hours 
although, with the exception of Red, some reduction in the rate of 
radioiodine absorption by the thyroid was evident for 24 hours. 
Twenty milligrams per kilogram methyl thiouracil was fully inhibi- 
tory for 8 hours, following which iodine absorption was resumed at 
almost the initial rate. The number of experiments with methyl 
thiouracil were too few to evaluate comparatively the antithyroid 
activity of this compound with thiouracil, but it does not appear 
to differ from the latter substance materially. This is consistent with 
clinical experiences with this drug. 

Benzyl thiouracil inhibited iodine collection by the thyroid in two 
experiments with 25 and 50 mg. per kg. It was wholly inactive at a 10 , 
mg. dose in Pete, the trend of iodine absorption away from the 
projected gradient being considered of no significance since it oc- 
curred 12 hours following administration of the drug. Benzyl thioura- 
cil was estimated by Stanley and Astwood to be 0.75 times as active 
as thiouracil on the basis of their thyroid radioiodine absorption ex- 
periments in man. Monkey experiments, -while too few to provide 
quantitative data, indicate that this compound is at least in the same 
order of activity as thiouracil. 

Propyl thiouracil did not wholly inhibit radioiodine collection in 
doses up to 40 mg. per kg. body weight. In a single experiment, a dose 
of 51 mg. per kg. caused an iodine block lasting for 24 hours. These 
results conform in a general Avay with those of Stanley and Astwood 
which indicated that propyl thiouracil was less active than thiouracil. 

2-Mercaptoimidazole Avas reported by Stanley and Astwood to 
have an antithyroid activity at least 10 times that of thiouracil. On 
the basis of similar experiments in monkeys, we estimated that this 
compound was 20 or more times as active as thiouracil. It Avill be ob- 
served from Figure 3, that a dose of 0.9 mg. or 0.2 mg. per kg. in Nate 
was only slightly inhibitory to radioiodine collection. However, 0.6 
mg. per kg. in the same monkey produced a complete block to iodine 
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uptake for a period of approximately eight hours. In three other ex- 
periments, doses of 1.0 mg. per kg. were dompletely inhibitory for 
periods up to 24 hours. These results are comparable to those ob- 
tained with 25 mg. per kg. of thiouracil. 

2-Mercaptoiniidazoline, the saturated analog of the highly active 
2-mercaptoimidazole, was found to be fully inhibitory bo radioiodine 



Eig. 3. Showing alterations in the accumulation gradient of radioiodine bj' the 
thyroids of monkeys given varying amounts of 2-mercaptoimidazole, 2-mercaptoimida- 
zoline, 2-mercaptothiazole and 2-mercaptothiazolinc. 

absorption for a period of at least 24 hours in doses of 10 mg. per kg. 
and suggestive in a single monkey of prolonged inhibition in a dose of 
5 mg. per kg. On a comparative basis, this substance was estimated to 
be at least twice as active as thiouracil, a finding contrary to that re- 
ported by Stanley and Astwood. These workers rated 2-mercaptoimi- 
dazoline half as active as thiouracil in man. 

2-i\'Iercaptothiazole and 2-mercaptothiazoline, the sulfur analogs 
of 2-mercaptoimidazole and 2-mercaptoimidazoline, were studied in 
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monkej’-s. 2-Mercaptothiazoline was estimated by Stanley" and Ast- 
wood to possess 2.5 times the activity of thioiiracil. Our experiments 
in monkeys were incomplete in that the minimal inhibitoiy dose of 
this compound was not determined. Administration of 5 and 10 mg. 
per kg. blocked iodine collection hy the thju-oid for 24 hours or more 
and bj’’ comparison was estimated to be more than five times as active 
as thiouracil, an appraisal higher than the value of 2.5 assigned by the 
Boston workers. 2-Mercaptothiazoline was evaluated for antithyroid 
activity by the 10-day chronic feeding test in rats (Astwood, Bissell 
and Hughes, 1945; McGinty and Bj'-water, 1945) and results from 
both laboratories were in agreement that this compound was 1.3 times 
as active as thiouracil. It is apparent that its activity in the human 
and in monkeys is comparatively much greater. 

On the basis of structural relationship and relative antithyroid 
activities in both man and monkej’' of 2-mercaptoimidazole and 2- 
mercaptoimidazoline on one hand and of 2-mercaptothiazole and 2- 
mercaptothiazoline on the other, it was expected that 2-mercapto- 
thiazole might possess extremely high antithyroid activity compared 
with thiouracil. It was found, however, that doses of 10 mg. per kg. 
were required to maintain the thyroid in an inhibited state for 24 
hours. The compound is estimated to be about twice as active as 
thiouracil. 

2-Mercapto-5-aminothiadiazole (TC-68) and 3-(phenylamino- 
methyl)-2-thiazolidinethione (TC-105), two compounds investigated 
extensively in rat and chick experiments, were found in monkeys to 
be approximately twice as active as thiouracil. In the case of TC-6S, 
this value agreed with that reported by Stanley and Astwood. These 
investigators did not test TC-105. 

DISCUSSION 

Estimations of antithyroid potencies of various compounds on 
the basis of inhibition of radioiodine collection by the thyroid after 
injection of carrier-free radioiodide appear valid. Any significant ab- 
sorption of iodine by the thyroid from blood whose iodide concentra- 
tion has not been altered materially may be considered as a measure 
of and directly proportional to hormonal iodine formation by thyroid 
cells. Thus, any reduction in the rate of absorption of iodide whether 
measured directly or by the tracer -technic may be considered due to 
decreased hormone synthesis and a quantitative measure of anti- 
thyroid potency of most substances whose administration produces 
this effect. In this connection, it must be pointed out that Vander 
Laan and Vander Laan (1947) have shown that the goitrogenic action 
of KSCN is due not to inhibition of protein binding of iodine and hor- 
mone synthesis but to interference Avith entry of iodide into thyroid 
eells. 

Stanley and Astivood call attention to certain limitations in the 
radioiodine absorption method as a measure of elinical effectiveness of 
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certain antithyroid compounds. They point out that the procedure 
does not distinguish between compounds relatively weak by the test 
but clinically effective because of cumulative action and those highlj’- 
active inhibitory agents which may be clinically ineffective because 
of rapid elimination and non-cumulative properties. The same ob- 
jection applies to the findings on monkeys. Examination of the curves 
on propyl thiouracil and benzyl thiouracil, which according to 
Stanley and Astwood are short-acting antithyroid agents, indicates 
that these drugs, ei^en in the larger doses, are not completely inhibi- 
tory. This may be due to rapid kidney loss, but in human subjects we 
have shown (McGinty, Sharp, Dill and Rawson, 1949) that propyl 
and benzyl thiouracil are, in fact, eliminated at the same rate as 
thiouracil and methyl thiouracil. In contrast, however, to the latter 
substances, propyl and benzyl thiouracil appear in the urine in acid- 
hj'drolyzable form. We have speculated that this conjugation may 
account for the clinical ineffectiA’^eness of benzyl thiouracil and to a 
lesser extent for that of propyl thiouracil relative to the high anti- 
thyroid potency of these compounds in rats and chicks. Whether or 
not conjugation occurs in the monkey, we do not knoAv. 

The monkey appears to be considerably less sensitive to anti- 
thyroid agents than man. Comparison oi available data indicates 
that 5 to 10 times as much drug is required to produce comparable 
thyroid inhibitory effects in the monkey. 

On the whole, our estimation of relative antithyroid actiAuties 
from the monkey experiments agreed AAuth those conducted by a 
similar procedure in human subjects. The only noteAvorth}’- exception 
AA’as in the case of 2-mercaptoimidazoline AAdiich aa’c rated as tAAOce as 
actWe as thiouracil but to AA'hich Stanley and Astwood assigned a 
A^alue of 0.5. Both laboratories agreed as to the extremely high 
potency of 2-mercaptoimidazole and it is hoped that further clinical 
information on this interesting drug AA’ill be forthcoming. 

It AA-as noted that control accumulation gradient curA'es from 
serial experiments in the same animal AA-ere inA’-ariably less steep 
than preceding cui'A’^es. "MTiat caused this is not knoAA-n. Rough cal- 
culations from neck counts, estimated geometiy, etc. indicated that 
three-quarters or more of the administered dose of radioactiA'^e iodine 
AA’as taken up by the thyroid AA'ithin 48 hours. Further crude estimates 
reA’ealed that this absorption may haA'^e amounted to 50 or more 
microcuries per gram of thjToid tissue. According to the recent ex- 
tensh’e AA’ork of Haines, ei ah (1948), this dose of radiation OA'er the 
AA’hole decay period approaches that AA’hich caused definite reduction 
in mass of thjwoid tissue and fall in B.M.R. in thyrotoxic patients. 

SUaiM.ARY 

Estimations of antithyroid actiAuty of a group of compounds AA’cre 
carried out in normal monkeys after intraA’enous administration of 
radioacth’e iodine by obsei’A'ing the degree and duration of alteration 
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of an established rate of accumulation pattern by the thyroid gland. 
The antithyroid drugs Avere administered orally and radioactiAnty 
in the thyroid AAms. recorded by external counting. 

Assigning thiouracil an CA'^aluation of 1.0, the folloAAung results 
AA^ere obtained: 2-mercaptoimidazole, 20; 2-mercaptothiazoline, >5; 
2-mercaptoimidazoline, 2; 2-mercaptothiazole, 2; 2-mercapto-4- 
aminothiadiazole, 2; 3(phenylaminomethyl)-2-thiazoUdinethione, 2; 
methyl thiouracil, 1 ; benzyl thiouracil, 1 ; and propyl thiouracil, 0.5. 
These values are in general agreement AAuth estimations similarly 
obtained in man by Stanley and AstAAmod. 
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A NOTE ON EPITHELIAL METAPLASIA IN 
THE MALE GENITAL TRACT^ 

HOWARD A. BERN 

From the Departinent of Zoology, University of California 

BERKELEY, CALIFORNIA 

Attempts have been made by several investigators to study vari- 
ous instances of metaplasia of sex accessory epithelia and to arrive 
at a possible common etiologic factor for all such metaplasia. On the 
basis of somewhat inconclusive data, McCullough and Dalldorf 
(1937) suggested that idtamin A deficiency was a prerequisite for all 
true epithelial metaplasia. Hume, Burbank, and Korenchevsky 
(1939) produced identical lesions in male rat sex accessories by 
deprivation of vitamin A and by administration of large amounts of 
estrogen. Whether such identical lesions occurred in non-genital tis- 
sues was not fully indicated. Cramer (1942) obtained similar results 
from experiments on the rat uterus. 

Kasman and Gold (1933) and Sutton and McDonald (1943) 
studied metaplasia in the human prostate, and the latter concluded 
that benign metaplastic changes following transurethral resection 
were due to “the basic polymorphism of epithelial cells” and their 
reaction to necrotic and regenerative processes following the re- 
section. 

In the course of a series of studies invohdng the experimental 
production of sex accessorj^ pathologies in the male Dutch rabbit, 
several instances of epithelial metaplasia were noted. The effect of 
short and long treatments with estrogens in inducing a non- 
keratinized, non-squamous, stratified columnar (“transitionoid”) 
metaplasia has alread}"- been reported in detail (Bern, ’49a, b). An 
entirely different type of epithelial metaplasia, hitherto unreported, 
was observed in a large number of animals employed during the 
course of these studies. Keratinized nodular lesions were found in the 
prostate of 45% and in the vesicular gland of 71% of a total of 80 
normal and experimental rabbits. In no instance were these lesions 
found in the seminal vesicle. 

The lesions consist of groups of closelj’- packed epithelial cells with 
large nuclei and undifferentiated c 3 '-toplasm and show frequent 
mitotic figures (figs. 1-2). Thej’- originate as dedifferentiated or un- 
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differentiated clusters of cells in the alveolar walls in both the prostate 
and vesicular gland and proliferate under the epithelium into the 
stroma in much the same way as a neoplastic growth. The cells of the 
lesion bordering on the lumen of the gland are stratified squamous 
and show some degree of keratinization, often quite extensive (fig. 2). 
The adjacent epithelium sometimes undergoes squamous metaplasia 
and contributes to the keratinization. Occasionalljq this latter process 
is accompanied by leucocytic infiltration. 



Fig. 1. Two lesions from vesicular gland of untreated rabbit. Lesion on right is com- 
pressed between alveolar walls. H. &. E. X150. 

Fig. 2. Keratini^p.d lesion showing involvement of large segment of alveolus in vesicular 
gland of untreated rabbit. H. & E. X150. 


The lesions are histologically indistinguishable from those de- 
scribed as due to avitaminosis-A in epithelial tissues, including those 
of the sex accessories, of other animals (Wolbach and Bessey, 1942) 
and occurred “spontaneously” in our series of Dutch rabbits. Rabbits 
have need of relatively more vitamin A in their diet than the rat and 
the pig, and possibly fowl, as was early demonstrated by the experi- 
mental production of xerophthalmia (Nelson, Lamb, and Heller, 
1922). The histology of avitaminotic-A lesions in the rabbit evidently 
has not been recorded in the literature, but gross changes indicate 
similarity to the picture seen in other animals (Wolbach, 1937). 

Xerophthalmic indications of a^dtaminosis-A were incidental!}'' 
noted in several of our rabbits, along with the low fertility of the 
breeding stock. Microscopic histologic sections of submaxillaiy sali- 
vary glands and pancreas, as well as other urogenital organs, have been 
made from time to time, however, and except for rare epididymidal 
keratinization reported elsewhere (Bern, 1949b), no other histologic 
emdence of possible vitamin A deficiency has been found in any of 
the animals examined. However, the recent work of Wilson and 
Warkany (1947) has indicated the special sensitivity of urogenital 
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siirns derivatives (including the prostate complex) to lack of vitamin 
A in the embryonic rat. 

To test the adequacy of our rabbit food pellets (a standard com- 
mercial "complete” diet), spectrophotometric analyses for Autamin 
A and carotene content were carried out, and 0.0012-0.0014% caro- 
tene was found. The true biologic potency is probably considerably 
less. Cod liver oil with high vitamin A content was administered to 
determine if the occurrence of the lesions could be prevented. Of 6 
mature rabbits receiving about 10 ml. of oil poured over their food 
pellets once a week for 2 to 5| months, three individuals showed le- 
sions regardless of duration of oil administration. Another series of 9 
immature (three months of age) male Dutch rabbits was dimded into 
two groups (separating littermates whenever possible) : one group of 4 
received one ml. of cod liver oil orally by means of a syringe three 
times weekly for 22 weeks; the second group of 5 served as controls 
and received the standard diet without cod hver oil. All 9 rabbits 
upon histologic examination after sacrifice showed lesions in their 
vesicular glands, although none were seen in the prostates (only 
sample sections of each gland were prepared). 

' No conclusions can be drawn as to the adequacy of vitamin A and 
its precursors in the diet. However, cod liver oil containing vitamin A 
is e^ddentlJ’• unable to prevent or alleviate these lesions in the dosages 
employed. The cause of the spontaneous lesions in the rabbit, thus, 
remains undetermined. 

In addition to the stratified columnar metaplasia occurring in 
\’irtually all male rabbit sex accessories after prolonged estrogeniza- 
tion and the keratinized, stratified squamous spontaneous lesions 
described above, several other instances of epithelial metaplasia have 
been noted. These include: 

(1) Squamous metaplasia with near-cornified surface cells (due to 
compression) of vesicular gland epithelium in contact with surgical 
sutures, distinct from the keratinized nodular lesions; may also result 
from earl}'' contact with methylcholanthrene or paraffin pellets. 

(2) Stratified columnar metaplasia of seminal vesicle surface 
epithelium in contact vdth voluminous blood clots. 

(3) Stratified columnar metaplasia of prostate epithelium due 
to post-operative infection; accompanj’dng atrophy. 

The distinct differences between the spontaneous pathologic 
lesions (keratinized nodules) and the other tjqjes of metaplasia ob- 
served lead us to believe that not all metaplasia in the male rabbit 
urogenital tract is due to the same basic etiologic factor. The prostate 
complex ob\'iously has at least temporary ability to produce kera- 
tinized squamous metaplastic epithehum, but does not so respond 
under the influence of estrogen. It is possible, however, that the 
keratinized nodular lesions are established iir the ^munger tissues 
and that this special reacti^^t■y is lost with age. 
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THE EFFECT OF ADRENAL CORTEX EXTRACT 
WITH AND WITHOUT EPINEPHRINE UPON 
THE WORK OF ADRENALLY 
INSUFFICIENT RATS 

DWIGHT J. INGLE, and JAMES E. NEZAMIS 
From the Research Laboratories, The Upjohn Company 

KALAMAZOO, MICHIGAN 

Epinephrine has the property of temporarily increasing the 
height of contraction of "fatigued” skeletal muscle. Radwanska 
(1910) found that the administration of epinephrine to the “fatigued” 
adrenalectomized animal gives a temporary increase in work output. 
Although the hormones of the adrenal cortex are of primary impor- 
tance in restoring the ability of the adrenalectomized animal to work 
(Hartman, Brownell and Lockwood, 1932), the question of the im- 
portance of the adrenal medulla and its hormone epinephrine in the 
maintenance of vigor and resistance has remained unanswered. Ingle 
and Lukens (1941) found that the work performance of the adrenal 
demedullated rat was depressed below that of normal animals during 
the first few hours of work and that the administration of epinephrine 
with glucose would temporarily restore to normal the work rate of 
“fatigued” adrenalectomized rats. One of us (D.J.I., unpublished) 
has observed that the continuous subcutaneous injection of adrenal 
cortex extract with epinephrine to adrenalectomized rats in collapse 
and near death can cause a reversal of symptoms and recovery which 
are not obtainable with adrenal cortex extract alone. Recant et ah (in 
press) have observed a synergistic effect of epinephrine and adrenal 
cortex extract in suppressing the eosinophil count in patients with 
Addison’s disease. It has remained difficult to restore either adrenal^ 
insufficient animals or patients to full normal vigor by the administra- 
tion of cortical extracts and steroids. The possibility that removal or 
destruction of the adrenal glands creates a deficiency of epinephrine 
or other principles of the adrenal glands which maj^ be required for 
normal vigor has been only partial^ tested by the present studies. 

In this study we have tested the possibility that the work per- 
formance of the adrenally insufficient rat can be improved to a greater 
extent bj" the administration of epinephrine and adrenal cortex ex- 
tract than by the administration of an equal amount of adrenal cortex 
exiract alone. The results were negative. 

Ucceivcii for publication February 28, 1949. 
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METHODS 

Male rats of the Sprague-Dawley strain which weighed 200 ± 2 grams 
were used. The diet was Archer Dog Pellets. The procedures for the stimula- 
tion of muscle were according to Ingle (1944) with the following modifica- 
tions. A Nerve Stimulator, Model B. Upjohn, was used to stimulate muscle 
at the rate of five times per second by a DC pulse of 20 milliamperes having 
a duration of 20 milliseconds. An electrode was placed on the lower tibia of 
the left back leg and the second electrode on the contralateral back foot, 
thereby activating all of the musculature of both hind legs. The gastroc- 
nemius muscle of the left hind leg was weighted with 100 grams. The dis- 
tance that the weight was lifted was' registered on automatic work recorders. 
Each recorder revolution represented approximately 400 gram-centimeters 
of work. 

A solution of 0.9 per cent sodium chloride containing 1 mgm. of ascorbic 
acid per cc. and varying concentrations of adrenal cortex extract (ACE) and 
epinephrine was infused into the jugular vein by means of a constant injec- 
tion apparatus which delivered fluid from each of 12 syringes at the rate of 
20 cc. in 24 hours. In Experiments 2 and 3, glucose (C. P. Merck) was added 
to the infusion solution in amounts of 200 mgm. per 100 grams of rat per 
hour. This load of glucose prevented the hypoglycemia which otherwise de- 
veloped in the Avorking rats. The adrenal cortex extract represented 40 
grams of beef adrenal glands per cc. and Avas free from alcohol. The ascorbic 
acid acted as an anti-oxidant Avhich effectively preserA^ed the epinephrine. 

Our standard procedure for the intravenous administration of solutions 
Avas to insert a short bevel 22-gauge hypodermic needle through the pectoral 
muscle into the jugular vein in a cephalad direction. This procedure was 
used in Experiments 1 and 2. No complications developed until hypertonic 
solutions of glucose Avere injected. The administration, of solutions contain- 
ing glucose in Experiment 2 resulted in some thrombosis of the vein in al- 
most every rat and occlusion of the vein and leakage into the tissues in ap- 
proximately 25 per cent of the animals. The results from animals in Avhich 
leakage occurred Avere discarded. These complications occurred with equal 
frequency in rats with and Avithout- epinephrine. In Experiment 3, a small 
plastic tube was inserted in the jugular vein and directed toAvards the heart. 
This procedure did not cause occlusion and leakage at the point where the 
infusion fluid entered the vein from the catheter but there occurred respira- 
tory distress and sharp decreases in the rate of Avork more frequently in the 
control animals than in animals AAdiich received epinephrine. In some in- 
stances thrombi Avere found occluding major vessels. 

The animals Avere anesthetized with phenobarbitaTsodium and cyclopal 
sodium. Adrenal enucleations Avere performed by the procedure of Ingle and 
Nezamis (in press) and adrenalectomies by the procedure of Ingle and 
Griffith (1942). The animals Avere subjected to the Avork test immediately 
following the operation. Stimulation was continued until the muscle ceased 
to respond or for a maximum of 24 hours. Temperature Avas constant at 
28±0.5°C. 

EXPERIMENTS AND RESULTS 

One rat of each pair received 20 cc. of a solution containing epi- 
neplirine and the control animal received a solution without epineph- 
rine. 



June, 1949 


ADRENAL AND WORK PERFORMANCE 


561 


In Experiment 1 (Table 1), adrenal enucleated rats were given 
ACE with and without epinephrine. Five groups of rats were given 4 
cc. of ACE per 24 hours. The addition of epinephrine in amounts of 
2, 5, 10, and 20 parts per million did not significantly improve work 
performance and 40 parts per million suppressed work performance. 
At this dose of ACE, 61 of 66 rats which received epinephrine died 
before the end of 24 hours and 53 of the 66 rats without epinephrine 
died. 


Table 1. The wohk tekformance of adrenal enucleated rats given 

ADRENAL CORTEX EXTRACT WITH AND WITHOUT EPINETHRINE 


Ephinephrine Number revolutions. Averages and range 


24 hrs. 

concentration 

of pairs 

Epinephrine 

Controls 

4 

1:500,000 

12 

11507 ( 5584-16174) 

13641 ( 6796-35235) 

4 

1:200,000 

12- 

11682 ( 6880-16229) 

10813 ( 6678-19635) 

4 

1:100;000 

12 

13825 ( 5593-28129) 

12622 ( 6092-23527) 

4 

1: 50,000 

18 

10526 ( 5295-18797) 

13273 ( 5047-25994) 

4 

1: 25,000 

12 

9566 ( 4858-15808) 

14239 ( 4011-24555) 

8 

1:500,000 . 

12 

20119(12242-28138) 

18222 ( 8047-22836) 

8 

1:100,000 

12 

20514 ( 7007-30028) 

22518 (16780-27286) 

8 

l: 50,000 

12 

9880 ( 6198-16295) 

18393 ( 6727-35638) 

15 

1:500,000 

12 

21804 ( 7704-37764) 

21354 (11275-32303) 

15 

1:100,000 

12 

17313 ( 7815-30526) 

24769 ( 8620-36004) 

15 

1; 50,000 

12 

20154 ( 5506-37917) 

21753 ( 5756-38800) 


Three groups of rats were given 8 cc. of ACE per 24 hours. The 
addition of 2 and 10 parts of epinephrine per million did not sig- 
nificantly change work performance but 20 parts per million defi- 
nitely suppressed work. At this dose of ACE, 22 of 36 rats which 
received epinephrine died during 24 hours and 8 of 36 rats without 
epinephrine died. 

Three groups of rats were given 15 cc. of ACE per 24 hours. The 
addition, of 2, 10, and 20 parts per million of epinephrine failed to 
improve work performance. At this dose of ACE, 24 of 39 rats which 
received epinephrine died during 24 hours and 10 of 39 rats without 
epinephrine died. 

In Experiment 2 (Table 2), all of the rats received a glucose load 
of 200 mgm. per 100 grams of rat per hour. Twelve pairs of adrenal 
enucleated rats were given 8 cc. of ACE per 24 hours. The addition of 
2 parts per million of epinephrine did not improve work performance. 


Table 2. The work teuformancb op adrenally insufficient r.vts given 

ADRENAL CORTEX EXTRACT AND GLUCOSE WITH AND WITHOUT EPINEPHRINE. 

Glucose load of 200/100/h 


ACE cc. 

24 hrs. 

Epinephrine 

concentration 

Operation 

Kutnber 
of pairs 

Total recorder revolutions. Averages and 
range 

Epinephrine 

Controls 

s 

1 too, 000 

enucleation 

12 

2317T (7091 ~J7556) 

24S43 (nOQS-42299) 

12 

1:500:000 

emtclcMion 

15 

3S702 (14521-53000) 

39S2I (26467-53753) 

15 

1:50»000 

enucleation 

6 

20307 (6I5S-503-I2) 

42002 (33493-53535) 

15 

1:500,000 

adrenalectomy 

19 

45S30 (30910-59031) 

45946 (37760-60140) 
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Five of the 12 rats which received epinephrine died during 24 hours 
and 6 of the 12 rats without epinephrine died. 

Fifteen pairs of adrenal enucleated rats received glucose vdth 12 
cc. of ACE per 24 hours. The addition of 2 parts per million of epineph- 
rine did not improve work performance. Two of the 15 rats which 
received epinephrine died during 24 hours and 1 of the 15 rats vdth- 
out epinephrine died. 

Six pairs of adrenal enucleated rats' received glucose with 15 cc. 
of ACE per 24 hours. The addition of 20 parts of epinephrine per 
million suppressed work. Four of the 6 rats which received epineph- 
rine died during 24 hours and none of the rats without epinephrine 
died. 

Nineteen pairs of surgicallj’^ adrenalectomized rats received glu- 
cose with 15 cc. of ACE per 24 hours. The addition of 2 parts of 
epinephrine per million did not improve work. None of the rats died 
in this series. 

Table 3. The work performance of adrenally insufficient rats given 

ADRENAL CORTEX EXTRACT AND GLUCOSE WITH AND WITHOUT EPINEPHRINE. 

Glucose load of 200/100/h. Infused through plastic tube tied 

INTO THE JUGULAR VEIN AND DIRECTED TOWARDS THE HEART 


ACE 00. 

24 brs. 

Epinephrine 

concentration 

Operation 

Number 
of pairs 

Total recorder revolutions. Averages and 
range 

Epinephrine 

Controls 

15 

1:500,000 

enucleation 

9 

42038 (15744-53960) 

38584 (26162-49940) 

15 

1:100,000 

enucleation 

12 

39949 (7793 -55458) 

37380 (13520-55666) 

15 

1:500,000 

adrenalectomy 

20 

43030 (25130-57325) 

36927 (15111-52975) 

Total avcraces wth standard deviation of average 


41910 (1731) 

37688 (1484) 

Difference in averages with standard delation of the difference — 4220 (2280) — Ratio' 

-1.85 


In Experiment 3 (Table 3), the infusions were made through a 
plastic tube which was tied into the jugular vein and directed towards 
the heart. Nine pairs of adrenal enucleated rats were given glucose 
with 15 cc. of ACE per 24 hours. The animals which received 2 parts 
per million of epinephrine performed a greater average amount of 
work than did the animals without epinephrine. Similar results were 
obtained with 12 pairs of adrenal enucleated rats given glucose and 
15 cc. of ACE per 24 hours w^hen 10 parts per million of epinephrine 
w^ere added and in 20 pairs of surgically adrenalectomized rats given' 
glucose and 15 cc. of ACE per 24 hours w^hen 2 parts per million of 
epinephrine w^ere added. Three of the 41 rats given epinephrine in this 
experiment died during 24 hours and 6 of the rats without epineph- 
rine died. It was noted that a number of the rats in this experiment 
exhibited respiratory distress and sharp decreases in wmrk output 
associated with a thrombus in the vessels of the heart or lungs. These 
complications occurred more frequently among the animals which 
did not receive epinephrine. I^Tien the results for all of the animals 
w'hich received epinephrine in Experiment 3 w^ere grouped together, 
the average w^as 41,910 recorder revolutions with a standard devia- 
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tion of the average of 1,731. The average for the control animals was 
37,688 recorder revolutions with a standard deviation of the average 
of 1,484. The ratio between the difference (4,220) and the standard 
deviation of the difference (2,280) was 1.85. From the statistical 
standpoint the probability is 93 chances in 100 that the performance 
of the rats treated with epinephrine in Experiment 3 was better than 
the performance of the controls. It is concluded, however, that the 
group difference was probably based upon the lower frequency of 
circulatory complications in the epinephrine-treated rats and there- 
fore represents an artifact- of methodology' rather than any direct 
benefit of epinephrine upon the ability of the adrenally insufficient 
rat to sustain work output. 


DISCUSSION 

Although epinephrine may cause a temporary increase in the 
work output of the adrenally insufficient rat, just as it does in fatigued 
normal animals, it fails to increase the total energy output of the ani- 
mal when given alone or in combination with ACE. Large doses of 
epinephrine caused a decrease in work. Adrenal demeduUated rats 
show normal voluntary activity (Ingle and Harris, 1936) and a 
normal total work output when subjected to stimulation of the gas- 
trocnemius muscle (Ingle, Hales and Haslerud, 1936) although it was 
observed (Ingle and Lukens, 1941) that the adrenal demeduUated rat 
shows a lower than normal rate of work during the first few hours 
of muscle stimulation. It is not clear as to whether this difference was 
due to the absence of the adrenal medulla or to a decrease in the 
secretory activity of the regenerated cortex of the demeduUated 
gland. The physiological role of the adrenal medulla has remained 
difficult to clai’ify because any means of inactivating this portion of 
the gland may possibly limit the secretory activity of the cortex. All 
of the data from this and previous studies by one of us (D.J.I.) are 
consistent with the concept that if the adrenal medulla plays a role 
in bhdy economy, it is manifest principally in acute emergencies 
rather than by sustaining resistance to prolonged stress. 

The data from surgically adrenalectomized animals were in agree- 
ment with the results from animals ha'vdng the adrenal glands in- 
activated by enucleation without surgery. There was some e\’idence 
(Experiment 3, Table 3) that epinephrine reduced the number of 
complications resulting from the intravenous administration of hyper- 
tonic solutions of glucose. The group differences in work (Table 3), 
if reliable, would seem to represent an example of an artifact in re- 
sults rather than a true beneficial effect of epinephrine upon work. 

BUJIMART 

Surgically adrenalectomized rats and adrenal enucleated rats 
were subjected to faradic stimulation of both hind legs five times per 
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second -until death or for 24 hours. Each rat' (200 grains body-weight) 
received continuous intravenous infusions at the rate of 20 cc. per 24 
hours. The solution contained 0.9 per cent sodium chloride, 0.1 per 
cent ascorbic acid, various concentrations of adrenal cortex extract 
(ACE) , and epinephrine was added to the solution given one animal 
of each pair. Glucose was added in some experiments. The total work 
output was proportional to the amount of ACE administered but -fche 
addition of epinephrine was without apparent direct effect upon total 
work. Epinephrine in amounts of 20 and^ 40 parts per million sup- 
pressed work. Work was greatly improved by the addition of 200 
mgm. of glucose per 100 grams of rat per hour. 
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A NEW REAGENT FOR THE HISTOCHEMICAL 
DEMONSTRATION OF ACTIVE CARBONYL 
GROUPS. A NEW METHOD FOR STAINING 
KETONIC STEROIDS^ 

RIVKA ASHBEL= and ARNOLD M. SELIGMAN 
Fro7n ihe Kirstein Laboratory for Surgical Research, Beth 
Israel Hospital, and the Department of Surgery, 

Harvard Medical School, Boston, Massaclmsetts 

Present methods for demonstrating the carbonyl groups of keto- 
steroid are based on their reaction with phenylhydrazine (Bennett, 
(1940) or with 2, 4-dinitrophenyl hydrazine (Dempsey and Wislocki, 
1946; and Albert and Leblond, 1946) to form colored hydrazones 
(yellow or orange). Further evidence that these fat-soluble, carbonyl- 
containing substances were indeed ketosteroids was provided by 
localization of other steroid reactions and properties in the same 
areas as the positive phenylhydrazine reactions. These were fluo- 
rescence, birefringence, anisotropism after reaction with digitonin, 
Liebermann-Burchardt test, Schiff i-eaction, reduction of alkaline 
silver solutions, and sudanophilia (Dempsey, 1946). Still other evi- 
dence was afforded by correlation of the steroid reactions with dif- 
ferent physiological states (Dempsey and Wislocki, 1946; Albert and 
Leblond, 1946; Greep and Deane, 1947; Deane and Shaw, 1947; 
Deane and Greep, 1947; and Wislocki, 1949). 

By the application of these techniques, ketosteroid has been 
demonstrated in the outer portion of the zona fasciculata of the 
adrenal cortex in cats and dogs, and in the zona glomerulosa as well 
in rats and humans (Bennett, 1940; Dempsey and Wislocki, 1944; 
Deane and Greep, 1946; and Dempsey and Wislocki, 1946), in the 
interstitial cells of the mammalian testis (Pollack, 1942), in the cells 
of the theca interna of the follicle and the luteal cells of the rat’s 
ovaiy (Dempsey and Bassett, 1943) and in the sjmcytial trophoblast 
of the human placenta (Wislocki and Bennett, 1943). 

In order to improve the sensitmty of the phenylhydrazine reac- 

Rcccived for publication April 11, 1949. 

’ This investigation was aided by a research grant from the National Cancer Insti- 
tute, National Institutes of Health, Public Health Service (in part), by a grant from the 
Massachusetts Division of the American Cancer Societs’, and (in part) by an institu- 
tional grant to Harvard University from the American Cancer Society. 

= On leave of absence from the Hebrew University, Jerusalem, Israel. Research 
fellow in surgery, Harvard Medical School. This fellowship was made possible by a 
grant from the Jane Coffin Childs Memorial Fund for Medical Research, Yale Uni- 
versity. 
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tion by increasing the color value of the final compound, reagents 
were sjmthesized which contain a hydrazine group and which react 
with active carbonyl groups to form nearly colorless substances, but 
which may be converted by coupling with a tetrazonium compound 
into an intensely blue azo dye (Sehgman and Ashbel, 1949). The 
best reagent for this purpose proved to be the hydrazide of 2-hydroxy- 
3-naphthoic acid (I) (Seligman, Friedman, and Herz, 1949). This was 
found to react in vitro with '3, 17, and 20-ketosteroids, but, as was 
expected, not to react with ll-ketosteroid. Frozen sections, prepared 
from formalin-fixed tissue, were washed free of formahn and reacted 
with the hydrazide (I) in alcohol-water-acetic acid solution. The 
reaction product (II) was insoluble in alcohol-water, so that the ex- 
cess reagent was readily removed by washing. The frozen sections 
were then treated in 50 per cent alcohol at pH 7.2 with tetrazotized 
diorthoanisidine (III).^ The development of a blue pigment (IV) in 
the areas which contained the lipoid with active carbonyl groups was 
rapid. 



’ This material is available commercially under the name of Dupont Naphthanil 
Diazo Blue B in stable, powder form and contains 20 % tetrazotized diorothoanisidine, 
5% zinc chloride, and 20% aluminum sulfate. It was provided through the courtesy of 
Dr. E. R. Laughlin, Dupont de Nemours and Co., Boston, Mass. 
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METHOD 

Fresh tissue was fixed in 10 per cent formalin, neutralized by standing 
over calcium carbonate or with phosphate buffer (Lillie, 1948). The period 
of fixation was varied from several hours to several weeks, and in a few 
experiments for several months, without significant change in the final 
picture. In a few instances formalin was perfused through the tissue by intra- 
cardiac injection. After fixation the formalin was removed by washing the 
blocks in running tap water for 24 hours, or frozen sections (15-30 microns 
in thickness) were prepared and were washed in several changes of water for 
a few hours or longer. 

The washed frozen sections were then placed at room temperature for 
1-3 hours in an 0.1 per cent solution of 2-hydroxy-3-naphthoic acid hydra- 
zide (I). This solution "was prepared by dissolving the finely powdered hydra- 
zide in 50 per cent ethyl alcohol (prepared from aldehyde-free absolute 
ethanol) containing 5 per cent glacial acetic acid, with the aid of warming 
(G0-70°C.) and shaking. This solution could be stored at room temperature 
for periods as long as 12 days without alteration. The period of reaction 
with the tissue could be shortened to 30 minutes by incubation at 50°-60°C. 
The sections were then washed in several changes of 50 per cent alcohol for 
2 hours followed by several changes of water for 2 hours. 

The sections Avere then placed in a solution prepared from equal volumes 
of absolute alcohol and 1/15M phosphate or acetate buffer, pH 7.2~7.5. To 
50 cc. of this solution containing the sections at room temperature, 50 mgm. 
of the stabilized tetrazonium porvder (III) was added and stirred-in or a 
very fresh solution of the poAvder in a few cc. of cold Avater Avas added and 
stirred. The development of a blue color in the tissue reached a maximum of 
intensity in 0,5-2 minutes. The yelloAv solution also darkened during this 
period. The sections Avere transferred Avith a glass rod to water and washed 
Avith a feAV changes of Avater for 5-15 minutes. The sections AA'ere then mounted 
on glass slides Avith Kaiser’s glycerogel. To ayoid bubbles the sections Avere 
covered Avith glycerogel and Avere pla,ced in the incubator for a few minutes 
before the cover slip was applied. The azo dye has not changed in the sec- 
tions in over one year. 

In general the shorter periods of incubation and of washing were used 
Avith the thinner sections. The periods of As'ashing gwen aboA'^e are consider- 
ably longer than Avas actually necessary by a safe margin. It AA^as found that 
the addition of the tetrazonium compound to the sections in buffer-alcohol 
Avas a critical step in the procedure, because when the sections Avere added 
to the buffer-alcohol in AAdiich the tetrazonium compound had been dissolved 
preAuously, the dcA^elopment of color Avas poor. The concentration of alcohol 
Avas also important.'* This may haA^e been due in part to the rapid decomposi- 
tion of the tetrazonium compound AA’hich occurs in aqueous solutions and 
to the necessity of coupling in tissue sections in a two-phase system; i.e. 

* While the manuscript of this paper was being prepared, a note appeared in Nature 
(Camber, 1949) describing the use of 2-bydroxy-3-napbthoic acid bydrazide for stain- 
ing kelostoroid in the adrenal cortex with diazotized anunes. The procedure outlined 
« unlike the procedure herein described, and corresponds closeb’ to the procedure (con- 
ducted m aqueous solution) which wc~ first used in October, 1947, but n-ith which we 
were not satisfied, because the degree of staining was variable and Aveak as compared 
to results obtained with the method OA'entually eA'olved. 
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the steroids and their reaction product (II) formed with the hydrazide is 
dissolved in the fat droplets, and the tetrazonium salt in aqueous solution is 
poorly and slowly diffusible into lipoid. At higher pH than that recom- 
mended, decomposition of the tetrazonium salt proceeds at a more rapid 
rate and results in a jmlloAvish-brown cast to the sections. At lower tem- 
peratures the decomposition of the tetrazonium compound is slower, but 
the reaction rate is also slower. This slowing of the reaction rate is not due 
to a slower rate of coupling vith the napththol, which proceeds rapidlj’- in 
aqueous media even at 4°C., but must be due to a decrease in the solubility 
in lipoid of the steroid-hydrazide reaction product (II). 

EESULTS WITH TISSUES WHICH CONTAIN KBTOSTEROID 

Adrenal Gland 

The adrenal glands from 15 normal rats (killed with ether) were 
stained by the present method for carbonyl groups (figs. 7 and 8). 
Blue color was produced in the zona glomerulosa (11 were intense, 
3 were weak and 1 did not stain). Blue color in the zona fasciculata 
was seen in 14 and 1 did not stain. The zona reticularis stained in 7, 
weakly in 1 and not at all in 8. The lipoid droplets of the cells were 
stained, and in addition the dye occurred in diffuse, granular-ap- 
pearing deposits in the cytoplasm. The nuclei were not stained (fig. 
8). The adrenal medulla' stained a slight pink color in some of the 
glands. In no instance was any blue color seen in this location. The 
period of incubation with the hydrazide varied from 20 minutes to 
7 hours. Most of the sections were incubated for 1-3 hours. No cor- 
relation of time and degree of staining was noted within these limits. 

The adrenal glands from 13 ether-killed rabbits which had re- 
ceived urine for the Aschheim-Zondek test for pregnancy (most were 
negative) were stained by the present method for carbonyl groups. 

The zona glomerulosa was intensely blue in 10 and weak in 3. The 
zona fasciculata was intensely blue in all 13. The zona reticularis was 
stained in 4, weakly in 3, and not at all in 6. In some sections the 

Plate I 

Fig. 1. Dog adrenal. The fasciculata contains most of the lipoidal carbonyl groups. 
The glomerulosa (left) is paler than noted in other species. The reticularis contains 
scattered cells which were stained, unlike most of the specimens examined. X50. 

Fig. 2. Rat testis. Interstitial cells which contain blue-stained fat droplets in their 
cytoplasm. The nuclei are unstained. X1500. 

Fig. 3. Rat cerebellum. The white matter is deeply stained and the molecular layer 
of the cortex is delicately stained. The granular layer of the cortex cont.ains blue- 
stained extensions of nerve fibers from the white matter. The blue-stained material 
was not extractable with lipoid solvents. X15. 

Fig. 4. Dog adrenal. All layers of the cortex stain blue for lipoidal carbonyl groups. 
The capsule (top) and the medulla (bottom) are stained pink (not indicative of car- 
bonyl groups). X 50. 

Fig. 5. Dog ovary. Corpus luteum (upper right) is stained intensely blue for lipoidal 
carbonyl groups. Follicles contained a variable amount of delicate blue in the granu- 
losal cells. X50. 

Fig. 6. Rat placenta (near term). The syncytial cells contain blue-stained fat drop- 
lets. X900. 
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fwsely dispersed dye. The nuclei were unstained. Cells of the theca 
interna in the outer portions of the corpora lutea were more intensely 
stained than the lutein cells in the center, as were also special stellate 
cells scattered throughout the corpus luteum, described for human 
ovaries by White, Hertig, Rock, and Adams, 1949. Cells of the inter- 
stitial glands of the ovary contained blue fat droplets. Theca folliculi 
also was stained blue. In addition the lining cells of the sinusoids of 
the corpora lutea were stained blue. The capillary stain in contrast to 
other areas was not removed by lipoid solvents, nor was it prevented 
by preparing paraffin embedded sections. The inner elastic layers of 
some blood vessels were stained blue. 

The ovaries of 2 normal dogs were examined by this method. The 
corpora lutea were stained intensely blue (fig. 5) . The cytoplasm of 
the lutein cells contained many blue fat droplets of various sizes. 
Young follicles exhibited a delicate violet pattern in the cytoplasm 
of the ova (fig. 12), and the theca folliculi cells contained bluish- 
violet staining nuclei (fig. 14). The stain in these cells was not altered 
by extraction with lipoid solvents. The older follicles were darker 
blue, due presumably to staining of the granulosal cells (fig. 13). The 
internal elastic layer of blood vessels of the ovary were stained blue. 

One dog was 6 weeks post-partum. The large corpora lutea were 
.intensely blue. The dense fibrous septa were violet-pink, and the 
fine reticulum of the intercellular boundaries were blue. The lutein 
cells were large and vacuolated (figs. 16 and 17). They contained blue 
lipoid droplets and blue finely dispersed dye. This was especiallj^ 
noticeable in the theca cells of the periphery of the corpus .luteum. 
In some sections the theca folliculi contained cells whose nuclei 
stained purple. The/ stain was not removed by lipoid solvents. These 
cells were not easily distinguished from the remaining ovarian stroma 
in eosin-hematoxylin sections. 

Corpora lutea of humans stained less intensely than in the dog. 
The stain was finely dispersed in the cytoplasm of the thecal lutein 
cells (fig. 15, 24 days after menstruation). The nuclei were not colored. 
Darkly stained stellate cells, similar to those described bj’' Ydiite et al. 
were scattered throughout the coipus luteum in a radiating pattern. 
Cells of the theca externa also stained blue, but this blue dye was not 
readily removed by lipoid solvents. The interstitial cells of a corpus 
atreticum were stained blue, but most of the blue colored material 
w'as not lipoid soluble. 


Plate II 

Fig. 7. Rat adrenal. The reaction for lipoidal carbonyl groups is evident in the 
glomcrulosa (right) and part of the fasciculata. Sinusoids in the fasciculata, reticularis 
and medulla were also stained, but this colored material was not extractable with lipoid 
solvents. Photographed through a red filter. X 180. 

Fig. 8. Same section as Fig. 7, showing more stain in the glomerulosa (right) than 
the fasciculata. The nuclei are outlined by the stained fat droplets and finely dispersed 
dye in the cytoplasm. Photographed through a red filter. X1200. 
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Placenta 

The placenta of a rat near term gave an intense blue color in lipoid 
droplets in the syncytial throphoblast of the placental labjn-inth 
(figs. 6 and 18). In some areas the cytoplasm was stained diffusely 
blue, although not sufficiently to mask the droplets. The droplets 
varied in size and were located predominantly on the fetal side of the 
syncytium (fig. 18). In addition there was a positive reaction of the 
cytoplasm of the trophoblastic giant cells located around the margin 
of the placental disk. 

The placentas of a rat and 6 mice from mid-pregnancy stained 
similarly but weak'y. Of three human placentas at term, only one 
showed isolated, scattered, blue-staining droplets in the flattened 
syncytial trophoblasts. 

Testis 

The testis of 1 rat, 1 rabbit, and 3 dogs were stained for lipoidal 
carbonyl groups. Pat droplets in the cytoplasm of the interstitial 
cells stained blue. The nucleus was unstained and was outlined by 
the surrounding blue droplets (fig. 2). 

Other tissues 

Lipoidal carbonyl groups were not demonstrable by this method 
in lung, liver, kidney, spleen, pancreas, skeletal muscle, subcutane- 
ous or mesenteric fat, intestine, uterus, prostate, epididymis, seminal 
vesicles, thyroid, pituitary, or blood smears. 

REACTION WITH NON-LIPOID MATERIAL IN TISSUES 

Fibrous tissues. 

In some of the sections, particularly of human adrenal tissue, a 
pink color was noted in fibrous tissue (fig. 4). This could not be pre- 
vented by prolonged washing. It was probably due to attachment of 
traces of the hydrazide (I) to protein or collagen through the naph- 
tholic group. Coupling with the tetrazonium compound under these 
circumstances would occur into the free h 3 ’^drazino group of the 
hji-drazide. In in vitro experiments, it was found that the tetrazonium 
compound gave a red color with the hydrazide (I). However, when 
the hj’-drazino-group was tied-up by reaction with acetone or for- 

Plate III 

Fig. 9. Human adrenal cortex. Formalin-fixed tissue was carried through the par- 
anin embedding procedure, which removed lipoidal carbonyl-containing material. 
Only intercellular reticulum and sinusoids were stained blue. Photographed through 
a red filter. XI SO. 

Fig. 10. Dog arteriole in neurovascular bundle. Alcohol fixed. The inner elastic 
membrane is stained intensely blue. X1200, 

Fig. 11. Dog sciatic nerve. Single nerve fiber showing chicken-wire pattern in *’ 
myelin sheath. The blue colored material in this network was insoluble in lipoid 
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maldehj'^de, coupling could only occur ortho to the hydroxy group. 
This type of coupling resulted in the production of a blue color. 
Treatment of stained sections with lipoid solvents such as absolute . 
alcohol or acetone which slowly removed the blue compound, did not 
affect the non-specific pink color seen in fibrous tissue. This was con- 
sidered evidence of attachment of the h 3 ’'drazide (I) to protein in 
areas stained pink, and of attachment to lipoid carbonyl groups in 
areas stained blue. Further evidence Avas provided that the naphtholic 
group was important in attachment to tissue for the development of 
the pink color, bj^ the preparation of 2-naphthoic acid hydrazide 
(Seligman, Friedman and Herz, 1949). When this material Avas used 
instead of the hydrazide (I), the sections AA^ere complete blanks 
(neither blue for ketosteroid nor pink in fibrous tissue). HoAA^ever, 
after blocking the carbonyl groups AAdth this reagent, subsequent 
treatment Avith the hydrazide (I) led to development of the pink color 
in fibrous tissue, even though the blue color of carbonyl groups AA'as 
permanently blocked. Other blocking agents such as hydrazine 
lij'^drate and hydroxylamine permanently blocked both the pink and 
blue colors after subsequent treatment Avith the hydrazide (I). This 
Avas probably due to the strong basic character of these agents. 

Nervous tissue 

In some sections of adrenal gland Avhich included segments of 
nerve, a brilliant blue color Avas produced by the reaction in the 
myelin sheaths. This pigment, hoAvever, AA'as not removed by the 
lipoid soWents AA^hich successfully remoA'^ed the blue stain produced 
by carbonyl groups in lipoid. Subsequent investigation revealed that 
this reaction occurred regularly in formalin-fixed Avhite matter of 
central (fig. 3) and peripheral nervous tissue (fig. 11). The active 
carbonyl groups involved in the reaction AAdth nervous tissue AA'ere 
found only after formalin fixation, or in alcohol-fixed tissue subse- 
quently exposed to formalin. A Aveak reaction AA^as also observed AAdth 
alcohol-fixed tissue subsequentlj'’ treated Avith mineral acid or mer- 
curic chloride. Unlike the reaction Avith lipoid, the reaction persisted 
in formalin-fixed tissue AA^hich Avas carried through the paraffin em- 
bedding process. In all cases, the reaction AA^as blocked by prior treat- 
ment AAdth hydrazine hydrate. Fractionation of fresh AA'hite matter 
of brain revealed that the reaction occurred in the protein fraction 
only after subsequent exposure to formalin. This explains the dis- 
crepancy'’ betAA^een the amount of aldehyde demonstrated in brain by 
the Schiff reagent and the small amount of aldehyde actually isolated 


Plate IA'’ 

Fig. 12. Dog ovary. A young follicle was stained a delicate bluish-violet in the cyto- 
plasm of the ovum. The granulosa cells were not stained blue. X800. 

Fig. 13. Dog ovary. An older follicle stained intensely blue, presumably in the 
enveloping granulosa cells. X800. 
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from bi’ain (Anchel and Waelsch, 1942). Further study of the results 
with nervous, tissue will form the subject of another communication 
■ (Seligman and Ashbel, 1949). 

Elastic tissue 

The wavy elastic la 3 mr of large blood vessels was found to react 
with the hydrazide to give an intense blue stain (fig. 10). This stain 
was not removed by lipoid solvents and its production was blocked 
by prior treatment with hydrazine hydrate. However, the reaction 
differed from that of the adrenal cortex and nervous tissue, in that 
exposure to formalin was not required to unmask the carbonyl groups. 
This Avas demonstrated by successful staining of alcohol-fixed tissue. 
Similar staining of elastic tissue has been observed with other methods 
for demonstrating carbonyl groups (Feulgen and Voit, 1924; Albert 
and Leblond, 1946; Dempsey, 1946; and Shreck and AIcNamara, 
1947). 

Sinusoidal reticuhim 

After extraction with acetone of all stained lipoid in adrenal cor- 
tex, blue color remained in the lining membranes of many of the 
sinusoids (fig. 7). This was also observed in formalin-fixed tissue 
Avhich had been carried through the paraffin embedding process 
(fig. 9). 


IN VITRO REACTIONS WITH PURE MONOKETOSTEROIDS 

In order to compare the relative reactivity of the 3, 11, 17 and 
20 keto groups, which occur singty or in combination in various 
ketosteroids, compounds® Avere selected Avhich contained onty one of 
these keto groups in each. Thus, a 3-keto-group AA^as tested in tes- 
tosterone, an 11-keto-group in the methyl ester of 3-hydroxy- 11-keto 
aetio cholonic acid, a 17-keto group in oestrone, and a 20-keto group 
in pregnen-0-3-ol-one-2O. Estradiol and reciystallized cholesterol 
sei'A^ed as non-ketonic steroids. 

Each steroid (5 mg.) Avas dissohmd in 10 cc. of hot absolute ethanol 
and the solution was cooled to room temperature. A solution of the 
lydrazide (I) (10 mg.) in absolute ethanol (10 cc.) or in 50% alcohol 

' These compounds in crystalline form were provided us through the oourtes 3 ' of 
Professor Louis F. Ficser, Harvard University. 


Plate V 

Fig. 14. Dog ovarj- (C weeks post-partum). Theca folliculi cells stained purple in 
the nuclei. This colored material was not lipoid soluble. Photographed through a red 
fdtor. XI 50. 

Fig. 15. Human corpus luteuni (24 daj's post-menstrual). Theca interna cells in the 
peripherj- of the corpus luteum contain fine, blue-stained, lipoid droplets in the ej’to- 
plasm. Nuclei were not stained. The nucleoli were not colored blue. Photographed 
through a red filter. X2000. 
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was added, followed by 1 drop of glacial acetic acid. In some experi- 
ments the solution was heated to boiling and then cooled; in others, 
the reaction proceeded at room temperature for various periods. The 
reaction was terminated by the addition of several drops of freshly 
distilled pyruvic acid, which converted the excess hydrazide to an 
alkali soluble hydrazone. After standing for an hour or after heating 
to boiling, 25 cc. of benzene and 25 cc. of ethyl acetate was added and 
the mixture was exhaustively extracted with dilute sodium bicarbon- 
ate solution (5%) until the washings failed to color on addition of 


Table 1. Extent of reaction of 2-hydroxy-3-napiithoic acid hydrazide 
WITH PURE STEROIDS UNDER VARIOUS CONDITIONS 


Compound 

Position 
of the 
keto-group 

Reaction 
in boiling 
benzene 

Reaction in 
boiling 
alcohol for 

1 minute 
and room 
temperature 
for 24 hours 

Reaction in 
boiling 
alcohol for 

1 minute 

Reaction in 
alcohol 
at room 
temperature 
for one hour 

Testosterone 
3-Hydroxv-ll-keto aeteo 

3 

+++++ 

++++ 

+++ 

0 

cholanio acid methyl ester 

11 

0 

0 

0 

0 

Estrone 

17 

-t-++ 

+++++ 

+ + 


Pregnen-/9-3-ol-one-20 

20 


+ + + 

++ 

0 

Estradiol 

— 

0 

0 

0 

0 

Cholesterol 



0 

0 

0 

0 


the tetrazonium compound (III). The organic layer was then shaken 
with a solution of the tetrazonium compound containing a little so- 
dium bicarbonate. The intensity of the blue-red dye in the organic 
layer indicated the extent of reaction of the hydrazide with the steroid. 
Table 1 gives the results of the reaction under various conditions. The 
most active carbonyl groups were 3 and 17. The 20-keto group was 
less reactive, and the 11-keto group did not react at all. The Schiff 
reagent did not react with any of these ketosteroids dissolved in dilute 
alcohol or dilute propylene glycol within a period of several hours, 
or with a solution of testosterone in tricaprylin (10 mg. per cc.). 

SPECIFICITY OF THE REACTION 

Doubt has been cast upon the specificity of the phenylhydrazine 
reactions for demonstrating ketosteroid in the lipoid of the various, 
sites enumerated above by several authors (Gomori, 1942 ; Albert and 
Leblond, 1946; Oster and Oster, 1946; and others quoted in Dempsey, 
1948), on the grounds that lipoidal aldehydes (stearyl and palmityl 
aldehydes) are readily liberated from plasmalogens by hydrolysis 


Plate VI 

Fig. 1G. Dog ovary (6 weeks post-partum). The lutein cells are vacuolated and con- 
tain a fine network of blue-stained fat droplets and granules at the cell periphery. 
Lipoid solvent extraction removed the blue material. Photographed through a red 
filter. X800. 

Fig. 17. Same section as Fig. 16. Eosin-hematoxylin stain. Cell nuclei and vacuoliza- 
tion are shown. X800. 
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Plate VII 

Fig. 18. Rat placenta (near term). A chorionic villus surrounded bj' maternal blood. 
The syncytial cells contain blue fat droplets located on the fetal side of the cells. Photo- 
graphed through a red filter. X2000. 


and are deomoiistrated by the Schiff reagent (Feulgen and Voit, 1924). 
Plasmalogens have been demonstrated by this series of reactions in 
these glands and other tissues (Feulgen and Bersin, 1939). The struc- 
ture of the plasmalogens was established by isolation of the aldehydes 
from muscle (Anchel and Waelsch, 1942). They are phospholipids in 
which the aldehydes are bound to glycerol through an acetal linkage 
and which, in addition, carry a phosphate ester of ethanolamine 
(Tannhauser and Schmidt, (1946). Since aldehydes react readily with 
hydrazines, the specificity of the methods for ketosteroid depends 
upon whether hydrolysis of plasmalogens occurs under the conditions 
given. The demonstration of plasmalogens in tissue by the Schiff 
reagent requires prior treatment with mineral acid or mercuric 
chloride, unless the Schiff reagent is itself sufficiently acid to pro- 
duce hydrolysis. It is claimed that exposure of tissue to formalin for 
more than six hours will also hydrolyze the acetal and that further 
exposure to formalin will destroy the plasmal that has been liberated 
(Hayes, 1949). In the case of ketosteroid, formalinization of tissue is 
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necessary to unmask the carbonyl group. Once this is accomplished 
(one or more hours) deterioration of the staining reaction ndth 
further exposure to formalin (weeks) does not occur. This is in con- 
trast to what is claimed for plasmal (Hayes, 1949). 

Although the phenylhydrazine reaction occurs with both alde- 
hydes and ketones, the Schiff reagent reacts readily with aldehydes, 
less readily with certain cyclic ketones (Karrer, 1938), presumably 
with easily oxidizable a-ketols, and not at all with most ketones. The 
Schiff reagent has been reported to react in vitro with pure steroids 
(Dempsey and Wislocki, 1944; Dempsey, 1946). However, others 
claim that ketosteroids failed to react with the Schiff reagent (Albert 
and Leblond, 1946; and Oster and Oster, 1946). The four monoketo- 
steroids used above for studying the hydrazine reaction failed to 
react with the Schiff reagent. This would suggest that the Schiff 
reagent demonstrates aldehyde or possibly a-ketol, and that the hj'-- 
drazine reaction can demonstrate aldehyde and ketosteroid. It is 
claimed that the Schiff reaction occurs in exactly the same locations as 
the h^'^drazine reaction (Albert and Leblond, 1946). In pilot experi- 
ments with adrenal gland of rabbit and ovary of dog, in which the 
period of fixation in neutral formalin was varied from 15 minutes to 
weeks, it was found that the blue stain developed with the hydrazide 
reaction was maximal after 1 hour's fixation and did not change sig- 
nificantly in intensity one Avay or another after longer fixation; nor 
did the location of the reaction change. No reaction with the Schiff 
reagent occurred with adjacent sections fixed for a short time or for 
very long periods. Other sections treated with mercuric chloride for 
5-10 minutes gave the same degree of staining or slightly more in- 
tense staining Avith the hydrazide, and in some sections of unfixed 
adrenal gland so treated ga^m a blue color only in the reticularis and 
medulla Avhere ketosteroid is rarely found. Mercuric chloride did not 
unmask ketosteroid in the way that formalin fixation did. Sections 
fixed in formalin for 4 hours and then stained were less blue than sim- 
ilar sections treated with mercuric chloride. In the latter, reticularis 
and medulla were also blue. Furthermore, plasmal has been isolated 
from skeletal muscle (Anchel and Waelsch, 1942) but the carbonjd 
reaction unth the hydrazide gave consistently negative results Avith 
formalin-fixed muscle. 

Proof of the specificity of the hydrazine reaction for ketosteroid, 
AA’hen conducted as herein described, hinges upon Avhether the car- 
bonyl groups are aldehydic or ketonic. Reactions AA’hich depend upon 
the relatiAm reactiAuty of aldehydes and ketones Avith reagents such 
as Schiff, cannot settle the question definitely. ConclusiAm proof AA'ould 
be afforded by a reaction Avhich depended upon whether the carbonyl 
group carried a hydrogen atom (HC — R) or only carbon (R — C — R), 

II II 
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rather than upon the reactivity of the carbonyl group itself. Such a 
reaction is available. The phenylhydra zones of aldehydes couple with 
diazonium compounds in pyridine (Seligman, Gofstein, and Ruten- 
burg, 1949) to form colored water-insoluble formazans. The phenyl- 
hydrazones of ketones cannot undergo the reaction because of the 
absence of replaceable hydrogen. Utilizing this reaction and tetrazo- 
tized diorthoanisidine, a blue (benzaldehyde, furfural) or dark red 
(formaldehyde, butyraldehyde) diformazan is formed from the ap- 
propriate phenylhydrazone. This new histochemical reaction for alde- 
hydic carbonyl groups forms the subject of another communication 
(Seligman and Ashbel). Preliminary experiments with this method 
suggest that free aldehydes are not present in adrenal cortex fixed in 
neutral formalin for 24 hours and not exposed to strong hydrolytic 
agents. 

It may, therefore, be concluded that the hydrazide reaction with 
carbonyl groups of lipoid demonstrates ketosteroid in tissue, after 
prior fixation in formalin from 1 hour to many weeks. 

SUMMARY 

A new method for demonstrating carbonyl groups in the lipoid of 
formalin-fixed tissues is described. The method is based on the re- 
action of aldehydic and ketonic groups with 2-hydroxy 3-naphthoic 
acid hydrazide followed by coupling of tetrazotized diorthoanisidine 
into the naphtholic ring with the production of a blue, insoluble azo 
compound. Reaction Avith certain carbonyl groups of non-lipoid 
material in nervous tissue, elastic tissue, and reticulum is described. 
Carbonyl-reacting lipoid AA-as found in adrenal cortex, corpus luteum, 
interstitial cells of testis and syncj'^tium of placenta. The localization 
in tissue aa^s similar to that previously demonstrated Avith other 
methods. EAudence is presented that the carbonyl-containing lipoid 
in these formalin-fixed glands is in fact ketosteroid. 
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A NEW REAGENT FOR THE HISTOCHEMICAL 
DEMONSTRATION OF ACTIVE CARBONYL 
GROUPS. THE PREPARATION OF 2-HY- 
DROXYNAPHTHALENE CARBOXYLIC 
AND SULFONIC ACID HYDRAZIDES' 

ARNOLD M. SELIGMAN, ORRIE M. FRIEDMAN, 

AND JOSEF E. HERZ 

From the Kirsiein Lahoratonj for Surgical Research, Beth Israel Hospital, the 
Department of Surgery, Harvard Medical School, and the 
Chemical Laboratories of Harvard University 

BOSTON, MASSACHUSETTS 

In order to develop a histochemical method for active carbonyl 
groups, which would result in the production of intensely colored, 
insoluble dyes, acid hydrazides of several naphthols were prepared. 
It was expected that coupling of a suitable diazoniura compound into 
the naphthol, after reaction of the hydrazide group with carbonyl, 
would yield azodyesof suitable intensity for microscopic delineation. 

The hydrazides of three hydroxy naphthoic acids and 2-hydroxy-6 
naphthalene sulfonic acid were prepared. The sulfone hydrazide 
failed to react with ketosteroid in adrenal cortex under conditions in 
which the carboxylic acid hydrazides did react (Ashbel and Seligman, 
1949). The pigment produced on coupling Avith diazotized diorthoan- 
isidine, after reaction of the three naphthoic acid hydrazides with 
ketonic material, was blue (2-hydroxy-3-naphthoic acid hydrazide), 
brownish purple (l-hydroxy-2-naphthoic acid hydrazide), and violet 
(2-hydroxy-6-naphthoic acid hydrazide). The first pigment was most 
suitable for histochemical study and the hydrazide was readily pre- 
pared. The preparation of the four hydroxy hydrazides is described 
below. In addition the preparation of 2-naphthoic acid hydrazide is 
giA^en. This material Avas used for control studies (Ashbel and Selig- 
man, 1949). 

BXPEKIMENTAL^ 

£-Hydroxy-3-naphthoic acid hydrazidB 

The acid chloride Avas prepared from 20 gms. of 2-hydroxy-3- 
naphthoic acid (Eastman technical grade) by AA^arming AAuth 25 cc. of 
thionjd chloride until all the solid had dissoh'-ed and hj'-drogen chloride 

Received for publication April 11, 1949. 

' This investigation was aided by a research grant from the National Cancer In- 
stitute, National Institutes of Health, Public Health Service. 

- Microanalyses by Shirley Katz. All melting points are corrected. 
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was no longer, evolved (Meyer, 1901). The excess thionyl chloride was 
removed by distillation at reduced pressure. The acid chloride solidi- 
fied on cooling and dissolved with the evolution of heat upon addition 
of 50 cc. of absolute methyl alcohol. The alcohol was removed by 
distillation at reduced pressure. To the low melting ester that was 
formed, was added 35 cc. of 85 per cent hydrazine hydrate and the 
mixture was heated on the steam bath for 3 hours (Franzen and Eich- 
ler, 1908). The reaction period was shortened by use of 100 per cent 
hydrazine hydrate. The hydrazide separated from the reaction mix- 
ture as a crystalline mass on cooling. Water was added, the crystals 
were collected with the aid of suction and washed with water. The 
crystals were dissolved in 500 cc. hot alcohol. After treatment with 
active charcoal, the solution was chilled and the crystals collected and 
washed with ether. The pale-yellow platelets melted at 203-A:°. The 
yield was 16 gms. (75 per cent). The reported melting point is 203-4° 
(Franzen and Eichler, 1908). 

1- Hydroxy-2-naphthoic acid hydrazide 

This hydrazide was prepared from l-hydroxy-2-naphthoic acid 
(Eastman), exactly as described for the 2, 3 isomer above. It was ob- 
tained as fine, pale-tan needles, melting at 212-213°. The same melt- 
ing point is given by Beyer and Schulte, 1941. 

2- Hydroxy-6-naphihoic acid 

Attempts to prepare 2-hydroxy-6-naphthoic acid according to the 
method of Howarth and Sheldrick (1934) gave poor results. This 
material was prepared from the nitrile by hydrolysis with hydro- 
bromic acid in acetic acid. 2-Hydroxy-6-bromonaphthalene was pre- 
pared from beta naphthol (Organic Syntheses, 1940) and methylated 
with methanol and sulfuric acid (Woodward and Eastman, 1944). A 
mixture of 90 gms. of 2-methoxy-6-bromonaphthalene and 60 gms. of 
copper cyanide was heated for one hour at 240°C. The mass dissolved 
and became brown. The liquid was poured onto a cold surface and 
pulverized. The powder was warmed in a solution of 300 cc. of con- 
centrated ammonia in 1 liter of w-ater. The mixture was filtered and 
the residue was distilled at reduced pressure. The nitrile was obtained 
in 65-70 percent yield, b.p. 205-8°, 14 mm. ; m.p. 103°. This material 
(14 gm.) was heated under reflux overnight with 30 cc. of glacial 
acetic acid and 100 cc. of 48 per cent hydrobromic acid. Upon coobng, 
the hydroxy acid crj’-stallized. It was dissolved in ethanol, treated with 
norite, and after the addition of Avater, crystallized as tan needles 
melting at 241°; yield 11 gms. (78 per cent). 

2-Hyrdoxy-6-naphihoic acid hydrazide 

The ethyl ester AA-as prepared by solution of 1.5 gms. of 2-hydrox5'’- 
6-naphthoic acid in 15 cc. of absolute ethanol and by saturation of 
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the solution with dry hydrogen chloride. After standing for, 12 hours 
the mixture was diluted with water. The oil that separated crystal- 
hzed slowly on standing. The crude ester was Avarmed on the steam 
bath with 2 cc; of 85 per cent hydrazine hydrate for 1 hour, at AA^hich 
time the hydrazide had separated as a Avhite crystalline solid. After 
recrystallization from alcohol, the product melted at 256-8°; 0.'5 gm. 
A second crop 0.3 gm. (m.p. 254^6°) Avas obtained by concentration 
of the mother liquor. 

Analysis calculated for Cn HioN 2 Oz*. C, 65.35; H, 4.96 

Found; C, 65.33; H, 4.96 

2-Hydroxy-6-naphthalene sulfonhydrazide 

The required 2-carbethoxy-6-naphthalene sulfonic acid Avas pre- 
pared (Zincke and Dereser, 1918) by the sIoaa' addition of 21 cc. of 
ethyl chlorocarbonate to a vigorously stirred solution of 49.2 gms. of 
sodium 2-hydroxy-6-naphthalene sulfonate (Eastman technical grade) 
and 8 gms. sodium hydroxide in 200 cc. of Avater. The stirring Avas con- 
tinued for an additional hour, after Avhich the mixture Avas cooled to 
precipitate the carbethoxy derivative. This material was collected 
Avith the aid of suction and dried by Avarming on the steam bath. 
The crude product (44 gms.) Avms ground Avith an equal weight of phos- 
phorus pentachloride and was heated on the steam bath for 2 hours 
(Zincke and Dereser, 1918). The excess phosphorus pentachloride 
Avas decomposed by grinding the fused melt Avith ice. The acid chloride 
Avas filtered and after recrystallization from acetic acid melted at 
116-18°, 15 gms. 

The carbethoxy acid chloride (1 gm.) AA^as heated for an hour on 
the steam bath Avith 5 cc. of 85 per cent hydrazine hydrate in Avhich 
it dissolved. The solution Avas evaporated to dryness under reduced 
pressure and the residue aa^s extracted Avith boiling methanol. After 
concentration and cooling, fine Avhite needles Avere obtained. After 
tAAm crystallizations from methanol the melting point Avithout de- 
composition AA'as 188°; yield 0.5 gm. (65 per cent). 

Analysis calculated for Cio Hio Os Nz S; C, 50.41; H, 4.19 

Found: C, 50.46; H, 4.09 

^-Naphthoic acid hydrazide 

/ Beta naphthoic acid (10 gms.) was converted to the acid chloride, 
the methyl ester, and finally the hydrazide exactly as described for 
2-hydroxy-3-naphthoic acid hydrazide. The product crystallized from 
alcohol-AA^ater in AA'hite needles melting at 146-8°; yield 6.8 gms. (62 
per cent) . The reported melting point is 147.5° (Goldstein and Corna- 
musaz, 1932). 

SUMMARY 

The preparation of five acid hydrazides is given. 2-Hydroxy-3- 
naphthoic acid hydrazide was found to be the most convenient to 
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prepare, and to be the most suitable for the histochemical reaction 
with steroidal carbonyl groups. 
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. NOTES AND COMMENTS 

l-METHYL-2-MERCAPTOIMID AZOLE; AN ANTITHYROID 
COMPOUND HIGHLY ACTIVE IN MAN^ 

The antithyroid compounds used for the treatment of hyperthyroidism 
were previously selected for clinical trial on the basis of high potency in the 
_ rat . (Astwood, Bissell and Hughes, 1945). Subsequent experience, showing 
that the rat assay was a poor index of effectiveness in man, led to the de- 



TIME IN HOURS - SQUARE ROOT SCALE 

Fig. 1. Comparison of the effects of two doses, 0.5 and 5.0 rhg. of l-methyl-2- 
mcrcaptoimidazole with two doses, 100 and 500 mg., of propj’lthiouracil on the course 
of the iodine uptake bj' the thyroid gland in normal human subiects. Five-tenths mg. 
of l-methyl-2-mercaptoimidazole was somewhat less effective than 100 mg. of pro- 
pylthiouracil, while 5 mg. of the former exerted a more sustained effect than 500 mg. 
of the latter. The ordinate is an arbitrary scale of counts per second and the abscissa is 
the square root of the elapsed time after the oral administration of 100 microcuries of 
On this plot, a deviation from the normal straight line course of accumulation 
during the first 8 or 10 hours indicates inhibition. , 
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Table 1, Effect of various doses of antithyroid cojipounds on the I'“ 

UPTAKE BY the THYROIDS OF NORMAL HUMAN BEINGS 



Degrees of response* 

! Relative 
actmties 
(thiouracil == 
1.00) 

Compound 

' Dose in milligrams 


0.5 

1 1 

2.5 

5 1 

1 10 I 

25 

50 

100 

500 

Man ! 

Ratt 

2-Thiourncil ' 


1 



1 

1 

2,3 

3,4.4 


l.Ot 

1.0 

6-Methylthiouracil 


I i 


1 

1 

2 

3,4 

4 * 

i 

1 2.04 

I 1.0 

G-n-Propylthiouracil 







1.1.2 

i 3.3.3 
: 3.3 

: 4 

0.75t 

11.0 

2-Mercaptoimidazole 




0, 1.2 

2, 2, 3, 3 

4.4 

2.3.4 

4,5 


5 


10.04 

2.0 

l*Methyl-2-mercapto- 

imidarole 

3.'3, 3 

2,4 

4 ! 

4.5 

4.5 i 

1 

5.5 




100.0 

2.0 


♦ The degrees of respo^e were classified as follows: 0 =no effect, 1 =slight or questionable effect, 2 =dis- 
linct but incomplete inhibition, 3 =complete inhibition for less than 4 hours, 4 ^complete inhibition for more 
ban 4 but less than 24 hours, 5 =*complete inhibition for 24 hours or longer, 
f Reference 2 and unpublished data. 
t Reference 1. 

velopment of a method using by which these substances were tested 
directly in normal human beings (Stanley and Astwood, 1947). 

Antithyroid activity determined in this way correlated quite well with 
clinical effectiveness. 2-Mercaptoimidazoie, which was found to be about 
ten times as active as tliiouracil, has now been used to treat thirty-four 
patients during a period of two years. The results obtained were quite in 
keeping with the predictions of its potency based on the iodine uptake test. 

During the course of testing a limited number of further compounds by 
the radioiodine method, it was observed that l-methyl-2-mercaptoimidazole 
was remarkably active. As little as 0.5 Mg. exerted a pronounced inhibitor 3 ’^ 
effect on iodine accumulation and doses of -5.0 Mg. completely inhibited the 
uptake for nearly twenty-four hours (Fig. 1). In Table 1 are shown the 
various grades of inhibition induced bj^ different doses of this compound in 
comparison with various doses of thiouracil, methylthiouracil, propyl- 
thiouracil, and 2-mercaptoimidazole. From these data it was estimated that 
the activity of l-raethyl-2-mercaptoimidazole was approximately 100 times 
that of thiouracil. 

Preliminaiy studies on thirty patients with hyperthyroidism treated with 
this compound have confirmed a high degree of effectiveness. 
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BEATH, O.'A, C S. GILBERT, and H. F. EPPSON. (Wyo- 
ming Agric.'. Expt. Sta., Laramie.) ] The use o{ indicator plants 
in locating seleniferous areas in western United States. II. 
Correlation studies by states. / Amer. Jour. Bot. / ^(5); 
296-31S. 1939. — Studies were made o( the Se content of 
563 specimens of native plants from 12 of the western states, 
correlating the presence of Se in plants with ^e geological 
formation in which the plants grew. Special attention was given 
to spp. of Stanleya, Oonopsis, Xylorrhiza and Astragalus ■ as pri- 
mary indicators of Se in formations contemporaneous with known 
seleniferous formations of Wyoming and also in formations not 
previously investigated. The Stanleya and Astragalus spp., because 
of their wide distribution, proved especially valuable as indicators. 
The following are added to the list of known seleniferous forma- 
tions: Pennsylvania limestones of southeast and central Nevada; 
Payette Lake sediments in southwest Idaho; Carbonaceous and 
limy shales in Provo Canyon, Utah; Tertiary sediments in Tonto 
Basin, Arizona; White Tank Monzonite near Twenty-nine Palms, 
California; the Monkopi formation in southern Utah and northern 
Arizona; and certain areas in southeast Idaho, northwest Utah, 
southeast Oregon and Nevada. — 0. A. Beath. 

DeSMIDT, F. P. G. (Med. Res. Lab., Kenya.) / Rapid pro- 
duction of autogenous vaccine for treatment of pneumonia. / BriL 
Med. Jour. / 1938( 4065) : 1140-1142. 1938. — An autogenous 

vaccine made directly from mouse peritoneal washings ("M. 
P. W.” vaccine) can be . ready in less than 12 hours, as 
compared with several days required by the usual method for 
preliminary typing, growth, isolation of colonies and subse- 
quent sterility tests. DeSmidt trusts to the dominance of .the 
type of pneumococcus inj. into the mouse, to the disappearance 
in the mouse's body of other bacteria which may have been 
in the sputum, and to strictly aseptic techmc throughout 
to secure pure, sterile vaccine. His procedure is as follows: 
Inoculate 2, mice intraperitoneally with 0.5 ml. of rather 
thick saline sputum emulsion; chloroform the mice when mori- 
bund— do not allow them to die; take utmost precautions for 
sterility of board, tools, skin and abdominal wall before opening 
peritoneal cavity; Gram-stain a smear of peritoneal exudate for 
verification; make a preliminary washing of peritoneal cavity 
into 1 ml. of plain saline for bile solubility and agglutination tests 
(tWs preliminary wash may be omitted), make peritoneal wash- 
ing in 4 ml. of 0J15!i phenol saline into sterile centrifuge tube 
with sterile stopper ; centrifuge at 6000 r, p. m. for 30 .sec., 
pipette supernatant pneumococcus susp. into sterile cotton-plugged 
tube; cover with rubber cap; immerse in water-bath at 60* .for 
30 min.; place the killed susp. in vaccine bottle. The Burroughs 
Wellcome opadty tube is used to estimate the strength of sus- 
p^ions, usually 1,000 to 3,000 millions per ml. Dose 1,000 
millions of coed in 0.5 ml. The vaccine may be administered 
immediately after bottling, the usual sterility tests bdng dis- 
pensed with — J. B. Paton. 

STEFANELLI, A. (U. Rome.) / II metabolismo dell'uovo 
e dell'embrione studiato negii anbbi anuri. II. L'assunzione di ossi- 
geno. [Metabolism studies on amphibian (aquran) eggs and em- 
bryos. II. The oxygen intake.] / Arch. Sd. Biol. (Naples) / ^ 
411-441. 1938. — By a microrespirometric method the 0, uptake of 
individual eggs of Bufo vulgaris and B. viridis was detd. before and 
after fertilization (which was carried out in the manometer), 
gastrulation, and neurulation. The 0« consumption increaswl 
during gastrulation and after completion of the neurulation; 
after that it ran proportional to the number of cells until 
absorption of the yolk was complete. Equal wfs. of eggs, 
regardless of individual egg size, take up equal amts.' of Oi 
during equal periods of time or development. The faster develop- 
ing B. viridis consumes more O, per unit of time, but the same 
amt. as B. vulgaris for the same degree of development. — ^H. 
Sobotka. 


ECKSTEIN, K. (Forstliche Hochschule, Eberswalde.) / Die 
‘•Abbriiche" des Waldgartners, Myelophilus piniperda L. / Fort- 
wiss. Centralhl. / ^(2): 33-42; (3): 81-92. 4 fig. 1939 .— The 
larva bores into pine twigs and hollows them out so that they 
eventually break off. 50 to 150 twigs may be lost by a single tree 
during a season. Similar damage is done by M. minor and 
Pityophthorus glabratus. — W. N. Sparhawk. 


POIUROVSKli, S. D. (Inst. Usovershenstvovaniia Vrachei, 
Leningrad.) / [Photoelectrometric determination of protein 
fractions of blood serum.] / (In Russ, with Ger. summ.] 
Biokhimiia / ^(6): 713-722. 1938. — Photoelectric detn. of 
blood serum proteins can be conducted on samples as small as 
0.1 ml. with an error of 2% or less. In a sample diluted 1:100, 
the globulin fraction is detd. first by half-saturation with 
(NH.)iSO, and comparing the light absorption of the suspension 
with that of a prepared blank. The sample is filtered and the al- 
bumin fraction in the filtrate detd. by addition of 5% sulfosalicylic 
acid and again comparing with a blank. The readings are converted 
to percentages by means of tables.— E. K. Johnson. 


MENKIN, VALY. (Harvard U.) / Etudes sur rinflanunation. 
/ Rev. Immunol. [Pans] /^(2): 113-137. 1939,— In discussing 
the mechanism of the inflammatory reaction and its role in immu- 
luty, the author reviews his many previous studies. The inflamma- 
tory process tends to localize and ultimately to destroy the 
irritating factor. This leads to repair. The exudation of plasma, 
detd. by a rise in intracapillary pressure and an increase in capil- 
lary permeability, is due to a crystalline, non-protein, diffusible 
substance liberated by the injured tissues. The so-called "leuko- 
taxine" is not histamine, but seems to be a polypeptide. It is 
thought to be responsible also for the migration of leucocytes to 
the inflamed region. As the inflammatory process progresses, 
lymphatic drainage is blocked by thrombi in the lymphatic chan- 
nels and coagulated plasma in the injured site. The fixing capacity 
of an inflammation is proportional to the injury exerted by the 
irritant. The irritants that cause necrosis produce 'a rapid local 
reaction which neutralizes their power of dissemination. The con- 
trary is true of weak irritants. This explains the action of the 
pyogenic bacteria, their rapid invasion and the role of the Inflam- 
matory reaction in the development of immunity and host resist- 
ance. The walling off of the inflamed area tends to produce a local 
acidity that determines the_ cytology of the region. Polymorph- 
onuclear leucocytes persist in an exudate whose pH is above 7; 
if the pH falls to 68 or 6.9, mononuclears predominate; in an 
exudate with pH of 68 or less, all types of cdls are destroyrf.— 
W. I. Kelly. 


CURTIS, JOHN T. (U. 'Wisconsin.) / The relation of speci- 
ficity of orchid mycorrhizal fungi to the problem of symbiosis. / 
Amer. Jour, of Bob / 26(6) : 390-399. 9 fig. 1939. — Ten spp. of 
Rhizoctonia were isolated from 23 spp. of orchids from various 
habitats in the U. S. and Central America. Two new species and 
a new var. are descr.:’ K borealis, from Goodyera repens var. 
ophioides and Spiranthes gracilis, Wisconsin; R. subtilis var. 
nigra, from ^ cernua, Wisconsin; and R moniliodes, from 
Habenaria dilatata, H. hyperborea, Ijparis liliifolia, Pogonia 
ophioglossoides and S. romanzoffiana, Wisconsin, and Sobralia 
pleiantha, Costa Rica. No evidence of specificity was found, as 
one orchid species could harbor several fungus spp. and any one 
fungus sp. could attack several orchid spp. The fungi were cor- 
related vyith ecological habitat rather than with orchid spp. Sym- 
biotic germination tests, using fungi isolated from a given ordiid 
in combination with the seeds of that orchid, indicated^ in most 
cases that the fungi were unable -to induce seed germination. The 
symbiotic relationship is considered to be one 'of parasite and host, 
with the orchid deriving no benefit from the fungus in its roots.— 
J. T. Curtis. 


alpha 

amount 

approximately 

beta 

concentration 
cubic centimeter 
described 
determined 


s distribution 

amt. experiment(al) 

apprex. female, females 

P foot, feet 

cone. gamma 

ml. gram(s) 

descr. hour(s) 

detd. inch (es) 


Abbreviations 


djslr. 

expt., cxptl. 

lethal dose, 
minimum lethal dose 

M.L.D. 

percent 

pound(s) 

% 

lb., lbs. 


male, males 


sccond(s) 

stc. 

It. 

microgram (s) 

y 

solution 

soln. 

y ■ 

milligram(s) 

mg’. 

spedes 

Sp., spp. 


milliliter 

ml. 

temperature 

temp. 

nr,, hrs. 

, minute fs) 

min. 

ultra-violet 

u.-v. 

in. 

ounce(s) 

oz. 

variety(ies) 

var., vars. 


voIume(5) 

vo!. 


Use chemical symbols for the elements and the simpler inorganic compounds. 
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Annual Review of Physiology, Volume XI, 1949, ix+643 pp. Annual 

Reviews, Inc. Stanford, California. S6.00. 

The present volume begins the second decade of life for the Annual Re- 
views of Physiology. As compared noth human chronology, it might there- 
fore be regarded as pre-adolescent, a period of great stress and strain, and 
characterized by rapid growth and awkward locomotion. The analogy is 
perhaps not too far-fetched, since the Editors in their preface note that the 
current reports in physiology are increasing in geometric progression and that 
their task in preparing the annual volume is one requiring continuous adapta- 
tion. One can sympathize with them in their labors, the more so since the 
volume defies reviewing by any of the ordinary artifices. For how can one 
review a volume WTitten by twenty-twm different authors, covering the entire 
field of physiology, condensed to a degree that each sentence summarizes it- 
self an entire article or series of articles, and even then compressed still fur- 
ther so that one author plaintively remarks that he read 1000 articles only 
to end by reviewing 288 of them? 

The task, then, of preparing such a volume is formidable, and it is im- 
possible to compare its form, substance, literary quality and scientific valid- 
ity with those properties of similar books. One might question whether the 
effort is worth the trouble. Indeed, considering the amount of condensation 
represented in such a volume, one can ask whether it performs any significant 
function not provided by the Index and Abstract periodicals. There seems to 
be danger that the Annual Review's may become merely a list of the articles 
published during the year, for the reviewers, more and more in recent times, 
are falling into w'hat might be called the Annual Reviews style, in w'hich each 
sentence begins: “Doe and Everyman (1948) found that . . . .” The Editors 
-are obviously aw'are of this tendency and remark that they have "earnestlj' 
pleaded wdth our review'ers tO' consider only those papers w'hich thej' deem 
particularly noteworthy contributions to our science and to reduce coverage 
of other papers to mere' listing.” 

It seems ridiculous for productive investigators to spend the time neces- 
sary for mere listing of unimportant papers. Such lists are available, and 
better done, in the Index journals. It also seems unwise to restrict coverage" 
to the papers published in a single year, for by so doing concepts are taken 
out of historical context. It moreover seems unprofitable for a reviewer, 
striving for completeness, to use space and energy on topics not directly re- 
lated to his own interests and experience. On the contrary, a better policy 
would be to wwite wdth the greatest possible insight on a few topics, indicat- 
ing their historical development, a critical analysis of their present status 
and a projection into the future of their probable development. Such reviews 
are the proper concern of investigators. They represent the thought out of 
which progress is made. No apologj' need be made for lack of completeness — 
in a decade each field would be considered by ten of its leading exponents. If 
the thoughts of its leaders do not define the subject material of a field, what 
does? 
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Natural Products Related to Phenanthrene. 3rd Edition, 1949. Louis 
F. Fieser and Mary Fieser. American Chemical Society Monograph 
No. 70. Reinhold Publishing Corporation, 330 W. 42nd St., New York 
N. Y. xii+704 pp. §10.00. 

The continuing interest in the chemistry of the steroids has led to a vast 
amount of work since the. 2nd edition of this book was published in 1937. 
The present edition is, therefore, more nearly a new book than an ordinary 
revision. Appropriate recognition of stereochemical information has been 
accomplished by the addition of a special chapter by Dr. Richard B. Turner. 
The large amount'of literature relating to partial and total sjmtheses has 
been carefully summarized. Considerable attention has been devoted to new 
methods for characterizing steroid compounds, including optical rotation 
data, infrared and ultraviolet absorption spectra and x-ray diffraction. Last 
but not least, the systematic consideration of the field has compelled the 
authors to come bo grips with the nomenclature problem. The result is a 
new systematic nomenclature which departs from the older schemes only 
where consistency demands it. 

Quite aside from the great' virtues of this book as a summary of purely 
chemical information, it is of great importance to physiological endocrinol- 
ogy. Indeed, it is monolithic in character, for were no other reference avail- 
able, it would provide an astonishingly complete account of the knoAvn in- 
formation about the steroid-secreting endocrine glands. Not the least of its 
accomplishments is the ’avoidance of questionable data and controversial 
interpretations regarding the regulation of endocrine organs. Fact and fancy 
are so promiscuously intermixed in the literature of reproductive and adrenal 
physiology that it takes rare ability to cleave through the claims and 
counter claims and arrive at a balanced estimate of the total situation. 

A word, at least, should be said to compliment the lucid, unobtrusive and 
generally excellent literary style of the authors. The book is nicely printed 
with a legible typeface on good quality paper. Profuse use has been made of 
tabular material and of structural formulas. Documentation is e.xtensive, 
the references being set as footnotes for the convenience of the reader. The 
volume is completed by adequate and accurate author and subject indexes. 
It is a pleasure to commend this admirable monograph to the attention of 
everyone interested in endocrinology. - , 
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